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PREFACE 


Commitment to Technology 


Advanced Micro Devices' research in semiconductor manufacture and testing continues to lead to new breakthroughs. AMD has 
several six-inch wafer fabrication facilities which process advanced NMOS, CMOS, and Bipolar technologies. These facilities 
produce ICs that are more affordable and reliable than material built in less advanced fabrication areas, Innovative methods and 
techniques from fabrication through final test give you advanced products and the assurance of replicable processing. 


Advanced Packaging Technology 


AMD is also emphasizing today's new high pin-count packages; the Plastic Leaded Chip Carrier (PLCC), the Ceramic Leadless Chip 
Carrier (LCC), and the Pin Grid Array (PGA). Many of AMD's microprocessor and peripheral products are available in surface- 
mountable PLCC packages. 


System Solutions 


This data book contains data sheets on AMD's family of MOS microprocessors, peripherals, and microcontrollers. AMD offers a 
complete line of IAPX microprocessors from the 8086/8088 and 80186/80188 to the high-performance 80286. AMD maintains full 
compatibility with new revisions of these iAPX products. These processors are available in various packages, including PLCC as 
well as standard dual-in-line for the 8086/8088, and LCC for the 80186/80188/8286. In addition, AMD's technological advances 
provide the highest speeds available in this family, including the 10-MHz 8086/8088 and the 12.5-MHz 80286. Advanced 
processing techniques allow many functions to run cooler than other manufacturers’ devices, giving you better overall reliability. For 
example, AMD's 80L286 consumes up to 50% less power than the other manufacturer's product. This translates into cooler 
operating temperatures leading to improved reliability. This performance enables AMD to offer the 80L286 in a lower-cost, surface- 
mountable 68-pin PLCC. 


In addition to microprocessors, AMD provides various peripherals to support these processors. This offering includes the complete 
peripheral kit associated with the 8088 and 80286 CPUs. AMD also manufactures proprietary advanced peripherals, including the 
Am9517A/8237A DMA Controller, the Am9513A System Timing Controller, and the Am9516A Advanced DMA Controller. 


Single-Chip Microprocessors 


AMD's 8051 Family continues to grow. For applications where more on-chip program memory is required, the 8053 offers 8K bytes 
of on-chip ROM. To assist you with prototyping and development needs, AMD has the 8753-EPROM version of the 8053. 


The 80C51/80C31 are CMOS versions of the popular 8051/8031. These CMOS devices are ideally suited for power-sensitive 
applications. The 80C51/80C31 features idle and power-down modes for further power conservation. 


The 80C521/80C321 has double ROM and RAM, a watchdog timer, and a second data pointer. The watchdog timer provides 
protection from unexpected external events. The data pointer saves time and code space for routines such as block moves. 


Originally designed for automotive applications, the 80515 and the 80535, with an on-chip A/D converter and watchdog timer, are 
ideally suited for most motor control applications. The 80515 also has 8K bytes of on-chip ROM, 256 bytes of RAM, and two 
additional !/O ports. 


AMD offers several of the Zilog line of micorporcessors and associated peripherals. These include the Z8001* and Z8002* 
microprocessors in both commercial and military temperature ranges, and peripherals such as the industry-standard Z8530 Serial 
Communications Controller in several temperature, speed, and package configurations. 


Customer Service 


AMD's dedication to the customer extends beyond our traditional commitment to quality. We support our products with an 
extensive network of Applications Engineers located in manufacturing facilities and sales offices worldwide. These individuals 
provide you easy access to an extensive array of design tools, support literature, and personal service. For your convenience in 
ordering and scheduling deliveries, AMD is represented by representatives and major distributors worldwide. 


*Z8001 and Z8002 are trademarks of Zilog, Inc. 
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Key: A.N. = Application Note 
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R.R. Reliability Report 
T.M. = Technical Manual 
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INTERFACE SUPPORT PRODUCTS* 





amBee4 
Am8284A Clock Generator & Driver for 8086, 8088 Processors 

820268 
e224 
AmPAL16XX 


AmPAL22V 10 24-Pin IMOX PAL with 10 Programmable Output Logic Macrocells (OLMs) 

AmPAL23S8 20-Pin IMOX PAL-Based Sequencer with 4 OLMs, 4 Output Registers, & 6 Buried State Registers 

AmPAL29MA16 24-Pin E?-Based Asynchronous CMOS PAL with 16 OLMs and Product Term Driven Clocks 
24-PIN PAL FAMILY** 


AmPAL20XX 24-Pin PAL Family with 8 Registered/Combinatorial Outputs 
AmPAL20X10 20-Input, 10-Output Combinatorial PAL 






AmPAL20RPX 10 Registered/Combinatorial Outputs and Programmable Polarity 
AmPAL20XRPX 20RPX with EXCLUSIVE-OR Capability 


* Refer to the Bipolar Microprocessor Logic and Interface Data Book for complete product information. 
** Refer to the Programmable Array Logic Handbook/Data Book for complete product information. 
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Am29000 


Streamlined Instruction Processor 


ADVANCE INFORMATION 


DISTINCTIVE CHARACTERISTICS 


Full 32-bit, three-bus architecture 

17 million instructions per second (MIPS) sustained 
25-MHz operating frequency 

Efficient execution of high-level language programs 
CMOS technology 

4-gigabyte virtual address space with demand paging 
Concurrent instruction and data accesses 


Burst-mode access support 

192 general-purpose registers 

512-byte Branch Target Cache 

64-entry Memory-Management Unit 

De-multiplexed, pipelined address, instruction, and data 
buses 

Three-address instruction architecture 


GENERAL DESCRIPTION 


The Am29000 Streamlined Instruction Processor is a high- 
performance, general-purpose, 32-bit microprocessor im- 
plemented in CMOS technology. It supports a variety of 
applications, by virtue of a flexible architecture and rapid 
execution of simple instructions which are common to a 
wide range of tasks. 


The Am29000 efficiently performs operations common to 
all systems, while deferring most decisions on system 
policies to the system architect. It is well suited for 
application in high-performance workstations, general-pur- 
pose super-minicomputers, high-performance real-time 
controllers, laser printer controllers, network protocol con- 
verters, and many other applications where high-perfor- 


mance, flexibility, and the ability to program using standard 
software tools is important. 


The Am29000 instruction set has been influenced by the 
results of high-level-language, optimizing-compiler re- 
search. It is appropriate for a variety of languages, because 
it efficiently executes operations which are common to all 
languages. Consequently, the Am29000 is an ideal target 
for high-level! languages such as C, Fortran, Pascal, and 
ADA. 


The processor is packaged in a 169-terminal pin-grid-array 
(PGA) package, using 141 signal pins, 27 power and 
ground pins, and 1 alignment pin, A representative system 
diagram is shown below. 


SIMPLIFIED SYSTEM DIAGRAM 
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Am29027 


Am29027 


Arithmetic Accelerator 


ADVANCE INFORMATION 


DISTINCTIVE CHARACTERISTICS 


High-speed floating-point accelerator for the Am29000 
processor 

Comprehensive floating-point and integer instruction 
sets 

Single-, double-, and mixed-precision operations 
Performs conversions between precisions and between 
data formats 

Compatible with industry-standard floating-point formats 
— IEEE P754 version 10.1 

— DEC F, DEC D, and DEC G formats 

— IBM system 370 format 

Exact IEEE compliance for denormalized numbers 


@ Simple interface requires no glue logic between 
Am29000 and Am29027 

@ Eight-deep register file for intermediate results and on- 
chip 64-bit datapath facilitate compound operations, 
e.g., Newton-Raphson division, sum-of-products, and 
transcendentals 
Supports pipelined or flow-through operation 
- Performs single- and double-precision floating-point 

operations at 120-ns pipelined rate 

Full compiler and assembler support 
Fabricated with Advanced Micro Devices’ 1.2 micron 
CMOS process 


GENERAL DESCRIPTION 


The Am29027 Arithmetic Accelerator is a high-speed 
computational unit intended for use with the Am29000 
Streamlined Instruction Processor (SIP). When added to a 
29000-based system, the Am29027 can improve floating- 
point performance by an order of magnitude or more. 


The Am29027 implements an extensive floating-point and 
integer instruction set, and can perform operations on 
single-, double- or mixed-precision operands. The three 
most popular floating-point formats (IEEE, DEC, and IBM) 
are supported. IEEE operations comply with standard P754, 
with direct implementation of special features such as 
gradual underflow and trap handling. 


The Am29027 consists of a 64-bit ALU, a 64-bit datapath, 
and a control unit. The ALU has three data input ports, and 
can perform compound operations of the form (A * B) +C. 
The datapath comprises two 64-bit input operand registers, 
an 8-by-64-bit register file for storage of intermediate 


This document contains information on a product under development at Advanced Micro Devices, 
Inc. The information is intended to help you to evaluate this product. AMD reserves the right 


to change or discontinue work on this proposed product without notice. 
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results, three operand selection multiplexers that provide 
for orthogonal selection of input operands, and an output 
multiplexer that allows access to result data, operation 
status, flags, or accelerator state. The control unit inter- 
prets transaction requests from the Am29000, and se- 
quences the ALU and datapath. 


Operations can be performed in either of two modes: flow- 
through or pipelined. In the flow-through mode, the ALU is 
completely combinatorial; this mode is best suited for 
scalar operations. Pipelined mode divides the ALU into one 
or two pipelined stages for use in vector operations, such 
as those found in graphics or signal processing. 


The Am29027 connects directly to Am29000 system buses, 
and requires no additional interface circuitry. 


Fabricated with AMD's 1.2 micron technology, the 
Am29027 is housed in a 169-lead pin-grid-array (PGA) 
package. 
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Am5380 


SCSI Interface Controller 


PRELIMINARY 


DISTINCTIVE CHARACTERISTICS 


SCSI Interface 
@ Asynchronous interface to 1.5 megabytes per second 
Supports Initiator and Target roles 
Parity generation with optional checking 
Supports Arbitration 
Direct control of all bus signals 


© High current outputs drive SCSI Bus directly 


CPU Interface 

© Memory or I/O mapped interface . 
o@ DMA or programmed I/O 

© Normal or Block mode DMA 

© Optional CPU interrupts 


GENERAL DESCRIPTION 


The Am5380 Small Computer Systems Interface (SCSI) 
Interface Controller is a 40-pin NMOS device designed to 
accommodate the SCSI as defined by the ANSI X3T9.2 
committee. The Am5380 operates in both the Initiator and 
Target roles and can, therefore, be used in host adapter, 
host port and formatter designs. This device supports 
Arbitration, including Reselection. Special high-current 
open-collector output drivers, capable of sinking 48 mA at 
0.5 V, allow for direct connection to the SCSI Bus. 


CPU 
INTERFACE 


Ae Ar Aa 


The Am5380 communicates with the system microproces- 
sor as a peripheral device. The chip is controlled by reading 
and writing several internal registers which may be ad- 
dressed as standard or memory-mapped I/O. Minimal 
processor intervention is required for DMA transfers be- 
cause the Am5380 controls the necessary handshake 
signals. The Am5380 interrupts the CPU when it detects a 
bus condition that requires attention. Normal and Block 
mode DMA is provided to match many popular DMA 
controllers. 


DIAGRAM 
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Am9511A/8231A* 


Am9511A/8231A* 


Arithmetic Processor 


DISTINCTIVE CHARACTERISTICS 


2, 3 and 4MHz operation; fixed point 16-bit and 32-bit 
operations 

Floating point 32-bit operations; binary data formats 

Add, Subtract, Multiply and Divide; trigonometric and 
inverse trigonometric functions 

Square roots, logarithms, exponentiation; float to fixed 
and fixed to float conversions 


@ Stack-oriented operand storage; DMA or programmed 
1/O data transfers 

®@ End signal simplifies concurrent processing; Synchro- 
nous/Asynchronous operations 

© General purpose 8-bit data bus interface; standard 24- 
pin package 

@ +12 volt and +5 volt power supplies; advanced N- 
channel silicon gate MOS technology 


GENERAL DESCRIPTION 


The Am9511A/8231A Arithmetic Processing Unit (APU) is 
a monolithic MOS/LSI device that provides high perfor- 
mance fixed and floating point arithmetic and a variety of 
floating point trigonometric and mathematical operations. It 
may be used to enhance the computational capability of a 
wide variety of processor-oriented systems. 


All transfers, including operand, result, status and com- 
mand information, take place over an 8-bit bidirectional 
data bus. Operands are pushed onto an internal stack, and 
a command is issued to perform operations on the data in 


the stack. Results are then available to be retrieved from 
the stack, or additional commands may be entered. 


Transfers to and from the APU may be handled by the 
associated processor using conventional programmed |/O 
or may be handled by a direct memory access controller for 
improved performance. Upon completion of each com- 
mand, the APU issues an end of execution signal that may 
be used as an interrupt by the CPU to help coordinate 
program execution. 


BLOCK DIAGRAM 
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*The 8231A is an AMD-invented device commonly referred to as the Am9511A. 


2-4 


WORKING 
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Note: Pin 1 is marked for orientation. 


ORDERING INFORMATION 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Package Type 

d. Temperature Range 

e. Optional Processing 


AM9511A 1 D me B 
a . OPTIONAL PROCESSING 
Blank = Standard processing 
B = Burn-in 


d. TEMPERATURE RANGE* 
C =Commercial (0 to + 70°C) 
| = Industrial (-40 to +85°C) 


c. PACKAGE TYPE 
D = 24-Pin Ceramic DIP (CD 024) 


© 


b. SPEED OPTION 
Blank = 2 MHz 
-1=3 MHz 
-4=4 MHz 


a, DEVICE NUMBER/DESCRIPTION 
Am9511A 
Arithmetic Processor 


Valid Combinations Valid Combinations 





DC, DCB, DI, Valid Combinations list configurations planned to be 
DIB supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations, to check on newly released combinations, and 
*This device is also available in Military temperature range. to obtain additional data on AMD's standard military grade 
See MOS Microprocessors and Peripherals Military Handbook products. 
(Order #09275A/0) for electrical performance characteris- 
tics. 
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Am9511A/8231A* 


PIN DESCRIPTION 





[Pin No. _|Name | 0 "___ Description 
fe [Veo |__| #8 Power Supply 


[6 _|Voo |__| #12 Power Supply. 
puss Broun 
CLK (Clock). An external! timing source connected_to the CLK input provides the necessary clocking. 
The CLK input can be asynchronous to the RD and WR contro! signals. 


(Reset). A HIGH on this input causes initialization. Reset terminates any operation in progress and 
clears the status register to zero. The internal stack pointer is initialized, and the contents of the 
stack may_be affected, but the command register is not affected by the reset operation. After a 
reset the END output will be HIGH, and the SVREQ output will be LOW. For proper initialization, 
the RESET input must be HIGH for at least five CLK periods following stable power supply 
voltages and stable clock. 


(Command/Data Select). The C/D input, with the RD and WR inputs, determines the type of 
transfer to be performed on the data bus as follows: 


rom wo [WA [Function SCS 
Pt [1TH [Pop data by trom the stack ——SSCSSCs—CS~S~SCSS 
a 
Pt | undeines SSC 































X = DON'T CARE 












{End of Execution). A LOW on this output indicates that execution of the current command is 
complete. This output will be cleared HIGH by activating the EACK_input LOW or performing any 
read or write Operation or device initialization using the RESET. If EACK is tied LOW, the END 
output will be a pulse (see EACK description). This is an open drain output and requires a pull 
up to +5V. 


Reading the status register while a command execution is in progress is allowed. However, any 
read or write operation clears the flip-flop that generates the END output. Thus, such continuous 
reading could conflict with internal logic setting the END flip-flop at the completion of command 
execution. 


(End Acknowledge). This input when LOW makes the END output go HIGH. As mentioned earlier, 
LOW on the END output signals completion of a command execution. The END output signal is 
derived from an internal flip-flop which is clocked at the completion of a_command. This flip-flop 
is clocked to the reset state when EACK is LOW. Consequently, if the EACK is tied LOW, the 
END output will be a pulse that is approximately one CLK period wide. 


(Service Request). A HIGH on this output indicates completion of a command. In this sense, this 
output is same as the END output. However, whether the SVREQ output will go HIGH at the 
completion of a command or not is determined by a service request bit in the command register. 
This bit must be 1 for SVREQ to go HIGH. The SVREQ can be cleared (i.e., go LOW) by 
activating the SVACK input LOW or initializing the device using the RESET. Also, the SVREQ will 











be automatically cleared after completion of any command that has the service request bit as 0. 


(Service Acknowledge). A LOW on this input activates the reset input of the flip-flop generating 
the SVREQ output. If the SVACK input is permanently tied LOW, it will conflict with the internal 
setting of the flip-flop to generate the SVREQ output. Thus the SVREQ indication cannot be 
relied upon if the SVACK is tied LOW. 


DBO-DB7 VO (Bidirectional Data Bus). These eight bidirectional lines are used to transfer command, status and 
operand information between the device and the host processor. DBO is the least significant, and 
DB7 is the most significant bit position. HIGH on the data bus line corresponds to 1, and LOW! 
corresponds to 0. 
When pushing operands on the stack using the data bus, the least significant byte must be 
pushed first and most significant byte last. When popping the stack to read the result of an 
operation, the most significant byte will be available on the data bus first, and the least significant 
byte will be the fast. Moreover, for pushing operands and popping results, the number of 
transactions must be equal to the proper number of bytes appropriate for the chosen format. 
Otherwise, the internal byte pointer will not be aligned properly. The Am9511A/8231A single 
precision format requires 2 bytes; double precision and floating-point formats require 4 bytes. 
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PIN DESCRIPTION (Cont.) 


(Chip Select). This input must be LOW to accomplish any read or write operation to the 
Am9511A. 


To perform a write operation, data is presented on DBO through DB7 lines, C/D is driven to an 
appropriate level and the CS input is made LOW. However, actual writing into the ese 
Am9511A/8231A cannot start until WR is made LOW. After initiating the write operation by a WR 
HIGH-to-LOW transition, the PAUSE output will go LOW momentarily (TPPWW). 


The WR input can go HIGH after PAUSE goes HIGH. The data lines, C/D input and the CS 
input can change when appropriate hold time requirements are satisfied. See Write Timing 
diagram for details. 
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To perform a read operation, an appropriate logic level is established on the C/D input, and CS 
is made LOW. The read operation does not start until the RD input goes LOW. PAUSE will go 
LOW for a period of TPPWR. When PAUSE goes back HIGH again, it indicates that the read 
operation is complete, and the required information is available on the DBO through DB7 lines. 
This information will remain_on the data lines as long as the RD input is LOW. The RD input can 
return HIGH anytime after PAUSE goes HIGH. The CS input and C/D inputs can change anytime 
after RD returns HIGH. See Read Timing diagram for details. 















CS is LOW). 









details. 








PAUSE 


(Read). A LOW on this input is used to read information from an internal location and gate that 
information on to the data bus. The CS input must be LOW to accomplish the read operation. 
The C/D input determines what interna! location is of interest. See C/D, CS input descriptions 
and Read Timing diagram for details. If the END output was LOW, performing any read operation 
will make the END output go HIGH after the HIGH-to-LOW transition of the RD input (assuming 


(Write). A LOW_on this input is used to transfer information from the data_bus into an internal 
location. The CS must be LOW to accomplish the write operation. The C/D determines which 
internal location is to be written. See C/D, CS input descriptions and Write Timing diagram for 









If the END output was LOW, performing any write operation will make the END output go HIGH 
after the LOW-to-HIGH transition of the WR input (assuming CS is LOW). 


(Pause). This output is a handshake signal used while performing read or write transactions with 


the Am9511A. A LOW at this output indicates that the Am9511A/8231A has not yet completed 
its information transfer with the host over the data bus. During a read operation, after CS went 
LOW, the PAUSE will become LOW shortly (TRP) after RD goes LOW. PAUSE will return high 


only after the data bus contains valid output data. The CS and RD should remain LOW when 
PAUSE 


is LOW. The RD mai 


0 high anytime after PAUSE goes HIGH. During a write_operation, 


after CS went LOW, the PAUSE will be LOW for a very short duration (TPPWW) after WR goes 
LOW. Since the minimum of TPPWW is 0, the PAUSE may not go LOW at all for fast devices. 
WR may go HIGH anytime after PAUSE goes HIGH. 


DETAILED DESCRIPTION 


Major functional units of the Am9511A/8231A are shown in 
the block diagram. The Am9511A/8231A employs a micropro- 
gram controlled stack oriented architecture with 16-bit wide 
data paths. 


The Arithmetic Logic Unit (ALU) receives one of its operands 
from the Operand Stack. This stack is an 8-word by 16-bit 2- 
port memory with last in-first out (LIFO) attributes. The second 
operand to the ALU is supplied by the internal 16-bit bus. In 
addition to supplying the second operand, this bidirectional 
bus also carries the results from the output of the ALU when 
required. Writing into the Operand Stack takes place from this 
internal 16-bit bus when required. Also connected to this bus are 
the Constant ROM and Working Registers. The ROM provides the 
required constants to perform the mathematical operations (Che- 
byshev Algorithms), while the Working Registers provide storage 
for the intermediate values during command execution. 


Communication between the external world and the 
Am9511A/8231A takes place on eight bidirectional input/ 
output lines DBO through DB7 (Data Bus). These signals are 
gated to the internal eight-bit bus through appropriate inter- 
face and buffer circuitry. Multiplexing facilities exist for bidirec- 
tional communication between the internal eight- and sixteen- 
bit buses. The Status Register and Command Register are 
also accessible via the eight-bit bus. 


The Am9511A/8231A operations are controlled by the micro- 
program contained in the Control ROM. The Program Counter 
supplies the microprogram addresses and can be partially 
loaded from the Command Register. Associated with the 
Program Counter is the Subroutine Stack where return ad- 
dresses are held during subroutine calls in the microprogram. 
The Microinstruction Register holds the current microinstruc- 


2-7 





tion being executed. This register facilitates pipelined micro- 
program execution. The Instruction Decode logic generates 
various internal control signals needed for the Am9511A/ 
8231A operation. 


The Interface Control logic receives several external inputs 
and provides handshake related outputs to facilitate interfac- 
ing the Am9511A/8231A to microprocessors. 


Command Format 


Each command entered into the Am9511A/8231A consists of 
a single 8-bit byte having the format illustrated below: 


OPERATION 
SVREQ , SINGLE FIXED CODE 
(sr) 


7 6 5 4 3 2 1 0 
TBOO0063 





Bits 0 ~ 4 select the operation to be performed as shown in the 
table. Bits 5 - 6 select the data format for the operation. If bit 5 
is a 1, a fixed point data format is specified. If bit 5 is a 0, 
floating point format is specified. Bit 6 selects the precision of 
the data to be operated on by fixed point commands (if bit 
5 =0, bit 6 must be 0). If bit 6 is a 1, single-precision (16-bit) 
operands are indicated; if bit 6 is a 0, double-precision (32-bit) 
operands are indicated. Results are undefined for all illegal 
combinations of bits in the command byte. Bit 7 indicates 
whether a service request is to be issued after the command is 
executed. If bit 7 is a 1, the service request output (SVREQ) 
will go HIGH at the conclusion of the command and will remain 
HIGH until reset by a LOW level on the service acknowledge 
pin (SVACK) or until completion of execution of a succeeding 
command where bit 7 is 0. Each command issued to the 
Am9511A/8231A requests post execution service based upon 
the state of bit 7 in the command byte. When bit 7 is a 0, 
SVREQ remains LOW. 
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Command Description 


FIXED-POINT 16-BIT 





Add TOS to NOS. Result to NOS. Pop Stack. 

Subtract TOS from NOS. Result to NOS. Pop Stack. 

Multiply NOS by TOS. Lower half of result to NOS. Pop Stack. 
Multiply NOS by TOS. Upper half of result to NOS. Pop Stack. 
Divide NOS by TOS. Result to NOS. Pop Stack. 


FIXED-POINT 32-BIT 


Add TOS to NOS. Result to NOS. Pop Stack. 

Subtract TOS from NOS. Result to NOS. Pop Stack. 

Multiply NOS by TOS. Lower half of result to NOS. Pop Stack. 
Multiply NOS by TOS. Upper half of result to NOS. Pop Stack. 
Divide NOS by TOS. Result to NOS. Pop Stack. 


FLOATING-POINT 32-BIT 


Add TOS to NOS. Result to NOS. Pop Stack. 
Subtract TOS from NOS. Result to NOS. Pop Stack. 
Multiply NOS by TOS. Result to NOS. Pop Stack. 
Divide NOS by TOS. Result to NOS. Pop Stack. 
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Square Root of TOS. Result in TOS. 

Sine of TOS. Result in TOS. 

Cosine of TOS. Result in TOS. 

Tangent of TOS. Result in TOS. 

Inverse Sine of TOS. Result in TOS. 

Inverse Cosine of TOS. Result in TOS. 

Inverse Tangent of TOS. Result in TOS. 

Common Logarithm (base 10) of TOS. Result in TOS. 
Natural Logarithm (base e) of TOS. Result in TOS. 
Exponential (e*) of TOS. Result in TOS. 

NOS raised to the power in TOS. Result in NOS. Pop Stack. 


DATA MANIPULATION COMMANDS 


No Operation. 

Convert TOS from floating-point to 16-bit fixed-point format. 
Convert TOS from floating-point to 32-bit fixed-point format. 
Convert TOS from 16-bit fixed-point to floating-point format. 
Convert TOS from 32-bit fixed-point to floating-point format. 
Change sign of 16-bit fixed-point operand on TOS. 

Change sign of 32-bit fixed-point operand on TOS. 

Change sign of floating-point operand on TOS. 

Push 16-bit fixed-point operand on TOS to NOS. (Copy.) 
Push 32-bit fixed-point operand on TOS to NOS. (Copy.) 

Push floating-point operand on TOS to NOS. (Copy.) 

Pop 16-bit fixed-point operand from TOS. NOS becomes TOS. 
Pop 32-bit fixed-point operand from TOS. NOS becomes TOS. 
Pop floating-point operand from TOS. NOS becomes TOS. 
Exchange 16-bit fixed-point operands TOS and NOS. 
Exchange 32-bit fixed-point operands TOS and NOS. 
Exchange floating-point operands TOS and NOS. 

Push floating-point constant ''7'’ onto TOS. Previous TOS becomes NOS. 


1. TOS means Top of Stack. NOS means Next on Stack. 

2. AMD Application Brief ''Algorithm Details for the Am9511A APU" provides detailed descriptions of each command function, including 
data ranges, accuracies, stack configurations, etc. 

3. Many commands destroy one stack location (bottom of stack) during development of the result. The derived functions may destroy 
several stack locations. See Application Brief for details. 

4. The trigonometric functions handle angles in radians, not degrees. 

5 
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1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 


. No remainder is available for the fixed-point divide functions. 
. Results will be undefined for any combination of command coding bits not specified in this table. 


Command Initiation 


After properly positioning the required operands on the stack, hold time requirements are satisfied (see Timing dia- 
a command may be issued. The procedure for initiating a gram). 


command execution is as follows: . ; 
An attempt to issue a new command while the current 


command execution is in progress is allowed. Under these 


1. Enter the appropriate command on the DBO — DB7 lines. , ace, . : 

2. Establish HIGH on the C/D input. circumstances, the PAUSE output will not go HIGH until the 
3. Establish LOW on the CS input. current command execution is completed. 

4 


. Establish LOW on the WR input after an appropriate 
set-up time (see Timing diagrams). 

5. Sometime after the HIGH-to-LOW level transition of 
WR input, the PAUSE output will become LOW. After 
a delay of TPPWW, it will go HIGH to acknowledge 
the write operation. The WR input can return to HIGH 
anytime after PAUSE going HIGH. The DBO -DB7, 
C/D and CS inputs are allowed to change after the 


Operand Entry 


The Am9511A/8231A commands operate on the operands 
located at the TOS and NOS, and results are returned to the 
stack at NOS and then popped to TOS. The operands required 
for the Am9511A/8231A are one of three formats — single 
precision fixed-point (2 bytes), double precision fixed-point (4 
bytes) or floating-point (4 bytes). The result of an operation 
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has the same format as the operands except for float to fix or 
fix to float commands. 


Operands are always entered into the stack least significant 
byte first and most significant byte last. The following proce- 
dure must be followed to enter operands onto the stack: 


1. The lower significant operand byte is established on the 
DBO - DB7 lines. 

2. A LOW is established on the C/D input to specify that 
data is to be entered into the stack. 

3. The CS input is made LOW. 

4. After appropriate set-up time (see Timing diagrams), 
the WR input is made LOW. The PAUSE output will 
become LOW. 

5. Sometime after this event, the PAUSE will return HIGH 
to indicate that the write operation has been acknowl- 
edged. 

6. Anytime after the PAUSE output goes HIGH, the WR 
input can be made HIGH. The DBO -0B7, C/D and 
CS inputs can change after appropriate hold time re- 
quirements are satisfied (see Timing diagrams). 


The above procedure must be repeated until all bytes of the 
operand are pushed onto the stack. It should be noted that for 
single precision fixed-point operands, 2 bytes should be 
pushed and 4 bytes must be pushed for double precision 
fixed-point or floating-point. Not pushing all the bytes of a 
quantity will result in byte pointer misalignment. 


The Am9511A/8231A stack can accommodate 8 single preci- 
sion fixed-point quantities or 4 double precision fixed-point or 
floating-point quantities. Pushing more quantities than the 
capacity of the stack will result in loss of data which is usual 
with any LIFO stack. 


Data Removal 


Result from an operation will be available at the TOS. Results 
can be transferred from the stack to the data bus by reading 
the stack. When the stack is popped for results, the most 
significant byte is available first and the least significant byte 
last. A result is always of the same precision as the operands 
that produced it except for format conversion commands. 
Thus when the result is taken from the stack, the total number 
of bytes popped out should agree with the precision — single 
precision results are 2 bytes, and double precision and 
floating-point results are 4 bytes. The following procedure 
must be used for reading the result from the stack: 


. A LOW is established on the C/D input. 

. The CS input is made LOW. 

. After appropriate set-up time (see Timing diagrams), 
the RD input is made LOW. The PAUSE will become 
LOW. 

4. Sometime after this, PAUSE will return HIGH, indicating 
that the data is available on the DBO-DB7 lines. This 
data will remain on the DBO-DB7 lines as long as 
the RD input remains LOW. 

5. Anytime after PAUSE goes HIGH, the RD input can 
return HIGH to complete transaction. 

6. The CS and C/D inputs can change after appropriate 
hold time requirements are satisfied (see Timing dia- 
gram). 

7. Repeat this procedure until all bytes appropriate for 

the precision of the result are popped out. 


on =— 





Reading of the stack does not alter its data; it only adjusts the 
byte pointer. If more data is popped than the capacity of the 
stack, the internal byte pointer will wrap around and older data 
will be read again, consistent with the LIFO stack. 


s 


31 
(MSB) 
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Status Read 


The Am9511A/8231A status register can be read without any 
regard to whether a command is in progress or not. The only 
implication that has to be considered is the effect this might 
have on the END output discussed in the signal descriptions. 


The following procedure must be followed to accomplish 
status register reading: 


1. Establish HIGH on the C/D input. 
2. Establish LOW on the CS input. 
3. After appropriate set-up time (see Timing diagram) RD 
input is made LOW. The PAUSE will become LOW. 
4. Sometime after the HIGH-to-LOW transition of RD in- 
put, the PAUSE will become HIGH, indicating that sta- 
tus register contents are available on the DBO -DB7 
lines. The status data will remain on DBO-DB7 as 
long as RD input is LOW. 

5. The RD input can be returned HIGH anytime after 
PAUSE goes HIGH. 

6. The C/D input and CS input can change after satisfy- 
ing appropriate hold time requirements (see Timing dia- 
gram). 





Data Formats 


The Am9511A/8231A Arithmetic Processing Unit handles 
operands in both fixed-point and floating-point formats. Fixed- 
point operands may be represented in either single (16-bit 
operands) or double precision (32-bit operands), and are 
always represented as binary, two's complement values. 


16-BIT FIXED-POINT FORMAT 





s VALUE 





15 C) 
(MSB) 
TBOO064M 


32-BIT FIXED-POINT FORMAT 


VALUE 





0 
TBOOO65M 


The sign (positive or negative) of the operand is located in the 
most significant bit (MSB). Positive values are represented by 
a sign bit of zero (S = 0). Negative values are represented by 
the two's complement of the corresponding positive value with 
a sign bit equal to 1 (S = 1). The range of values that may be 
accommodated by each of these formats is -32,767 to 
+32,767 for single precision and -2,147,483,647 to 
+2,147,483,647 for double precision. 


Floating point binary values are represented in a format that 
permits arithmetic to be performed in a fashion analogous to 
operations with decimal values expressed in scientific nota- 
tion. 


(5.83 x 107)(8.16 x 101) = (4.75728 x 104) 


In the decimal system, data may be expressed as values 
between 0 and 10 times 10 raised to a power that effectively 
shifts the implied decimal point right or left the number of 
places necessary to express the result in conventional form 
(e.g., 47,572.8). The value-portion of the data is called the 
mantissa. The exponent may be either negative or positive. 


The concept of floating point notation has both a gain and a 
loss associated with it. The gain is the ability to represent the 
significant digits of data with values spanning a large dynamic 
range limited only by the capacity of the exponent field. For 
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example, in decimal notation if the exponent field is two digits 
wide and the mantissa is five digits, a range of values (positive 
or negative) from 1.000x 107%? to 9.9999 x 10+ 99 can be 
accommodated. The loss is that only the significant digits of 
the value can be represented. Thus there is no distinction in 
this representation between the values 123451 and 123452, 
for example, since each would be expressed as: 1.2345 x 10°, 
The sixth digit has been discarded. In most applications where 
the dynamic range of values to be represented is large, the 
loss of significance, and hence accuracy of results, is a minor 
consideration. For greater precision a fixed point format could 
be chosen, although with a loss of potential dynamic range. 


The Am9511/8231A is a binary arithmetic processor and 
requires that floating point data be represented by a fractional 
mantissa value between .5 and 1 multiplied by 2 raised to an 
appropriate power. This is expressed as follows: 


value = mantissa x 2&*Ponent 


For example, the value 100.5 expressed in this form is 
0.11001001 x 2”. The decimal equivalent of this value may be 
computed by summing the components (powers of two) of the 
mantissa and then multiplying by the exponent as shown 
below: 


value = (271 42-24 0°54 2-8) x2? 
= (0.5 + 0.25 + 0.03125 + 0.00290625) x 128 
= 0.78515625 x 128 
= 100.5 


Floating Point Format 


The format for floating-point values in the Am9511A/8231A is 
given below. The mantissa is expressed as a 24-bit (fractional) 
value; the exponent is expressed as an unbiased two's 
complement 7-bit value having a range of -64 to +63. The 
most significant bit is the sign of the mantissa (0 = positive, 
1 =negative), for a total of 32 bits. The binary point is 
assumed to be to the left of the most significant mantissa bit 
(bit 23). All floating-point data values must be normalized. Bit 
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23 must be equal to 1, except for the value zero, which is 
represented by all zeros. 


i= EXPONENT rms, MANTISSA 
MIE 
Sis 


3130 24 23 oO 


TBOOOOG66 


The range of values that can be represented in this format is 
+(2.7x 10729 to 9.2x 1018) and zero. 


Status Register 


The Am9511A/8231A contains an eight bit status register with 
the following bit assignments: 


| Busy | sign | ZERO | ERROR CODE [CARRY | 
7 0 


6 5 4 3 2 1 


BUSY: Indicates that Am9511A/8231A is currently execut- 
ing a command (1 = Busy). 


SIGN: Indicates: that the value on the top of stack is 
negative (1 = Negative). 


ZERO: Indicates that the value on the top of stack is 
zero (1 = Value is zero). 


ERROR 

CODE: This field contains an indication of the validity of 
the result of the last operation. The error codes 
are: 
0000 —- No error 
1000 - Divide by error 
0100 — Square root or log of negative number 
1100 - Argument of inverse sine, cosine, or e* 

too large 
XX10 - Underflow 
XX01 - Overflow 


CARRY: Previous operation resulted in carry or borrow 
from most significant bit (1 = Carry/Borrow, 
0 =No Carry/No Borrow). 


If the BUSY bit in the status register is a one, the other status 
bits are not defined; if zero, indicating not busy, the operation 
is complete, and the other status bits are defined as given 
above. 





3 
© 
Mnemonic (sr = 1) (sr = 0) Cycles Description > 
16-BIT FIXED-POINT OPERATIONS oS 
SADD EC 6C Add TOS to NOS. Result to NOS. Pop Stack. rie 
SSUB ED 6D Subtract TOS from NOS. Result to NOS. Pop Stack. > 
SMUL EE 6E Multiply NOS by TOS. Lower result to NOS. Pop Stack. * 

SMUU F6 76 Multiply NOS by TOS. Upper result to NOS. Pop Stack. 

SDIV EF 6F Divide NOS by TOS. Result to NOS. Pop Stack. 















i 32-BIT FIXED-POINT OPERATIONS 
DADD AC 2C 20-22 Add TOS to NOS. Result to NOS. Pop Stack. 
DSUB AD 2D 38-40 Subtract TOS from NOS. Result to NOS. Pop Stack. 
DMUL AE 2E 194-210 Multiply NOS by TOS. Lower result to NOS. Pop Stack. 
DMUU B6 36 182-218 Multiply NOS by TOS. Upper result to NOS. Pop Stack. 
DDIV AF 2F 196-210 Divide NOS by TOS. Result to NOS. Pop Stack. 
32-BIT FLOATING-POINT PRIMARY OPERATIONS 
FADD 90 10 54-368 Add TOS to NOS. Result to NOS. Pop Stack. 
FSUB 91 11 70-370 Subtract TOS from NOS. Result to NOS. Pop Stack. 
FMUL 92 12 146-168 Multiply NOS by TOS. Result to NOS. Pop Stack. 
FDIV 93 13 154-184 Divide NOS by TOS. Result to NOS. Pop Stack. 
32-BIT FLOATING-POINT DERIVED OPERATIONS 
SQRT 782-870 Square Root of TOS. Result to TOS. 
SIN 3796-4808 Sine of TOS. Result to TOS. 
cos 3840-4878 Cosine of TOS. Result to TOS. 
TAN 4894-5886 Tangent of TOS. Result to TOS. 
ASIN 6230-7938 Inverse Sine of TOS. Result to TOS. 
ACOS 6304-8284 Increase Cosine of TOS. Result to TOS. 
ATAN 4992-6536 Inverse Tangent of TOS. Result to TOS. 
LOG 4474-7132 Common Logarithm of TOS. Result to TOS. 
LN 4296-6956 Natural Logarithm of TOS. Result to TOS. 
EXP 3794-4878 e raised to power in TOS. Result to TOS. 
PWR 8290-12032 NOS raised to power in TOS. Result to NOS. Pop Stack. 
DATA AND STACK MANIPULATION OPERATIONS 
NOP No Operation. Clear or set SVREQ. 
FIXS 
FIXD Convert TOS from floating-point format to fixed-point format. 
FLTS 
FLTD Convert TOS from fixed-point format to floating-point format. 
CHSS 
CHSD Change sign of fixed-point operand on TOS. 
CHSF Change sign of floating-point operandon TOS. 
PTOS 
PTOD Push stack. Duplicate NOS in TOS. 
PTOF 
POPS 
POPD Pop stack. Old NOS becomes new TOS. Old TOS rotates to bottom. 
POPF 
XCHS 
XCHD Exchange TOS and NOS. 
XCHF 
PUPI Push floating-point constant 7 onto TOS. Previous TOS becomes NOS. 
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COMMAND DESCRIPTIONS 


This section contains detailed descriptions of the APU com- 
mands, They are arranged in alphabetical order by command 
mnemonic. In the descriptions, TOS means Top Of Stack, and 
NOS means Next On Stack. 


All derived functions except Square Root use Chebyshev 
polynomial approximating algorithms. This approach is used to 
help minimize the internal microprogram, to minimize the 
maximum error values and to provide a relatively even 
distribution of errors over the data range. The basic arithmetic 
operations are used by the derived functions to compute the 
various Chebyshev terms. The basic operations may produce 
error codes in the status register as a result. 


Execution times are listed in terms of clock cycles and may be 
converted into time values by multiplying by the clock period 
used. For example, an execution time of 44 clock cycles when 
running at a 3MHz rate translates to 14 microseconds 


(44 x 32us = 14yus). Variations in execution cycles reflect the 
data dependency of the algorithms. 


In some operations exponent overflow or underflow may be 
possible. When this occurs, the exponent returned in the result 
will be 128 greater or smaller than its true value. 


Many of the functions use portions of the data stack as 
scratch storage during development of the results. Thus, 
previous values in those stack locations will be lost. Scratch 
locations destroyed are listed in the command descriptions 
and shown with the crossed-out locations in the Stack 
Contents After diagram. 


Table 1 is a summary of all the Am9511A/8231A commands. 
It shows the hex codes for each command, the mnemonic 
abbreviation, a brief description and the execution time in 
clock cycles. The commands are grouped by functional 
classes. 


The command mnemonics in alphabetical order are shown 
below in Table 2. 





Table 2. 
Command Mnemonics in Alphabetical Order. 


ACOS ARCCOSINE 

ASIN ARCSINE 

ATAN ARCTANGENT 

CHSD CHANGE SIGN DOUBLE 
CHSF CHANGE SIGN FLOATING 
CHSS CHANGE SIGN SINGLE 
COs COSINE 

DADD DOUBLE ADD 

DDIV DOUBLE DIVIDE 

DMUL DOUBLE MULTIPLY LOWER 
DMUU DOUBLE MULTIPLY UPPER 
DSUB DOUBLE SUBTRACT 

EXP EXPONENTATION (e*) 
FADD FLOATING ADD 

FDIV FLOATING DIVIDE 

FIXD FIX DOUBLE 

FIXS FIX SINGLE 

FLTD FLOAT DOUBLE 

FLTS FLOAT SINGLE 

FMUL FLOATING MULTIPLY 
FSUB FLOATING SUBTRACT 


LOG COMMON LOGARITHM 

LN NATURAL LOGARITHM 

NOP NO OPERATION 

POPD = POP STACK DOUBLE 

POPF POP STACK FLOATING 

POPS — POP STACK SINGLE 

PTOD PUSH STACK DOUBLE 

PTOF — PUSH STACK FLOATING 

PTOS PUSH STACK SINGLE 

PUPI PUSH 7 

PWR POWER (X”) 

SADD SINGLE ADD 

SDIV SINGLE DIVIDE 

SIN SINE 

SMUL SINGLE MULTIPLY LOWER 
SMUU SINGLE MULTIPLY UPPER 
SQRT | SQUARE ROOT 

SSUB SINGLE SUBTRACT 

TAN TANGENT 

XCHD = EXCHANGE OPERANDS DOUBLE 
XCHF = EXCHANGE OPERANDS FLOATING 
XCHS EXCHANGE OPERANDS SINGLE 


ACOS 


32-BIT FLOATING-POINT INVERSE COSINE 
a a ee ee ee 


Psfofofofof{s{ijo | 


86 with sr= 1 
06 with sr=0 
6304 to 8284 k cycles clock cycles 


Binary Coding: 
Hex Coding: 


Execution Time: 
Description: 
The 32-bit floating-point operand A at the TOS is replaced by the 32- 
bit floating-point inverse cosine of A. The result R is a value in radians 
between 0 and 7. Initial operands A, B, C and D are lost. ACOS will 
accept all input data values within the range of -1.0 to + 1.0. Values 
outside this range will return an error code of 1100 in the status 
register. 
Accuracy: ACOS exhibits a maximum relative error of 2.0x 107? 
over the valid input data range. 
Status Affected: Sign, Zero, Error Field 


STACK CONTENTS 
BEFORE 
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ASIN 


32-BIT FLOATING-POINT INVERSE SINE 
7 6 5 4 9 2 1 


pet [so [oo fo [io [4 jo [a 


85 with sr=1 
05 with sr =0 
6230 to 7938 k cycles clock cycles 


Binary Coding: 
Hex Coding: 


Execution Time: 
Description: 
The 32-bit floating-point operand A at the TOS is replaced by the 32- 
bit floating-point inverse sine of A. The result R is a value in radians 
between -7/2 and + 7/2. Initial operands A, B, C, and D are lost. 
ASIN will accept all input data values within the range of -1.0 to + 1.0. 
Values outside this range will return an error code of 1100 in the 
status register. 
Accuracy: ASIN exhibits a maximum relative error of 4.0 x 10-7 over 
the valid input data range. 
Status Affected: Sign, Zero, Error Field 


STACK CONTENTS 
BEFORE 





TBO00014 


ATAN 


32-BIT FLOATING-POINT 
INVERSE TANGENT 
0 


2 1 
anary con: ~= [r]olo]o]e]: [111] 


Hex Coding: 87 with sr=1 
07 with sr=0 
4992 to 6536 clock cycles 


> 
3 
wo 
ai 
md 
> 
~ 
oe 
NO 
a 
> 
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Execution Time: 

Description: 

The 32-bit floating-point operand A at the TOS is replaced by the 32- 

bit floating-point inverse tangent of A. The result R is a value in 

radians between - 77/2 and + 7/2. Initial operands A, C, and D are lost. 

Operand B is unchanged. 

ATAN will accept all input data values that can be represented in the 

floating point format. 

Accuracy: ATAN exhibits a maximum relative error of 3.0 x 10-7 over 
the input data range. 

Status Affected: Sign, Zero 


STACK CONTENTS 





BEFORE AFTER 
ros—[ a 
ener pars! ae ae 

a see 
a 
eee 
en = 
ego a oe 
TBO00013 


CHSD 


32-BIT FIXED-POINT SIGN CHANGE 


6 1 0 
Psfotitifotitofo | 


B4 with sr=1 
34 with sr=0 
26 to 28 clock cycles 


Binary Coding: 
Hex Coding: 


Execution Time: 
Description: 
The 32-bit fixed-point two's complement integer operand A at the TOS 
is subtracted from zero. The result R replaces A at the TOS. Other 
entries in the stack are not disturbed. 

Overflow status will be set and the TOS will be returned unchanged 
when A is input as the most negative value possible in the format 
since no positive equivalent exists. 

Status Affected: Sign, Zero, Error Field (overflow) 


STACK CONTENTS 


BEFORE AFTER 


== : 


~~ 32 ——__+| 


32 ———+| 


TBO00047 


| 
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CHSF 


32-BIT FLOATING-POINT SIGN CHANGE 

7 6 5 4 3 2 1 0 
Essfofofifol[sf{o| 
95 with sr=1 


15 with sr=0 
16 to 20 clock cycles 


Binary Coding: 
Hex Coding: 


Execution Time: 
Description: 
The sign of the mantissa of the 32-bit floating-point operand A at the 
TOS is inverted. The result R replaces A at the TOS. Other stack 
entries are unchanged. 

lf A is input as zero (mantissa MSB = 0), no change is made. 
Status Affected: Sign, Zero 


STACK CONTENTS 
BEFORE AFTER 


[a tos—-[ 


|~——— 32 ———_+| 
TBOOC048 


|~———- 32 ———_»| 


CHSS 


16-BIT FIXED-POINT SIGN CHANGE 


7 6 5 4 3 2 1 0 
CARRERE ee 
F4 with sr =1 
74 with sr=0 


22 to 24 clock cycles 


Binary Coding: 
Hex Coding: 


Execution Time: 
Description: 
16-bit fixed-point two's complement integer operand A at the TOS is 
subtracted from zero. The result R replaces A at the TOS. All other 
operands are unchanged. 

Overflow status will be set and the TOS will be returned unchanged 
when A is input as the most negative value possible in the format 
since no positive equivalent exists. 

Status Affected: Sign, Zero, Overflow 


STACK CONTENTS 


BEFORE 


AFTER 


TOS ———_ 





bw 46 —m| 
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COS 


32-BIT FLOATING-POINT COSINE 


7 6 5 4 3 2 1 0 
ferfofofofofo{1{1 | 
83 with sr=1 


03 with sr =0 
3840 to 4878 clock cycles 


Binary Coding: 
Hex Coding: 


Execution Time: 
Description: 
The 32-bit floating-point operand A at the TOS is replaced by R, the 
32-bit floating-point cosine of A. A is assumed to be in radians. 
Operands A, C and D are lost. B is unchanged. 
The COS function can accept any input data value that can be 
represented in the data format. All input values are range reduced to 
fall within an interval of -7/2 to + 7/2 radians. 
Accuracy: COS exhibits a maximum relative error of 5.0 x 107? for all 
input data values in the range of —27 to +27 radians. 
Status Affected: Sign, Zero 


STACK CONTENTS 


BEFORE AFTER 


Poa? ae el 
—— 
[| 
ee 
| 

TBOO0015 


DADD 


32-BIT FIXED-POINT ADD 


7 6 5 4 3 2 1 0 
Psto}itoltit rojo | 
AC with sr= 1 
2C with sr=0 


20 to 22 clock cycles 


Binary Coding: 
Hex Coding: 


Execution Time: 
Description: 

The 32-bit fixed-point two's complement integer operand A at the TOS 
is added to the 32-bit fixed-point two's complement integer operand B 
at the NOS. The result R replaces operand B, and the Stack is moved 
up so that R occupies the TOS. Operand B is lost. Operands A, C and 
D are unchanged. If the addition generates a carry, it is reported in the 
status register. 

If the result is too large to be represented by the data format, the least 
significant 32 bits of the result are returned, and overflow status is 
reported. 

Status Affected: Sign, Zero, Carry, Error Field 


STACK CONTENTS 


BEFORE AFTER 
ena oo ree 
a aes ee Od 
ie aes Mena se SD 
a ae ee 
|. 32 —_—_»| |~——_—- 32 ——>| 

TBOOO0S0 
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DDIV 


32-BIT FIXED-POINT DIVIDE 


7 6 5 4 3 2 1 0 
RAEN RA ES Eee 
AF with sr = 1 
2F with sr=0 
196 to 210 clock cycles when A#0 
18 clock cycles when A=0. 


Binary Coding: 
Hex Coding: 


Execution Time: 


Description: 

The 32-bit fixed-point two's complement integer operand B at NOS is 
divided by the 32-bit fixed-point two's complement integer operand A 
at the TOS. The 32-bit integer quotient R replaces B, and the stack is 
moved up so that R occupies the TOS. No remainder is generated. 
Operands A and B are lost. Operands C and D are unchanged. 
If Ais zero, R is set equal to B and the divided-by-zero error status will 
be reported. If either A or B is the most negative value possible in the 
format, R will be meaningless and the overflow error status will be 
reported. 

Status Affected: Sign, Zero, Error Field 


STACK CONTENTS 


BEFORE AFTER 
[kd tos—f 
|B eee 
te Soe oe eee 
ee ee ee | 
|~——— 32 | |.—_—— 32 >| 
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DMUL 


32-BIT FIXED-POINT MULTIPLY, LOWER 


7 6 5 4 3 2 1 0 
EAZee ESET EER ERES 
AE with sr=1 


2E with sr=0 
194 to 210 clock cycles 


Binary Coding: 
Hex Coding: 


Execution Time: 
Description: 

The 32-bit fixed-point two's complement integer operand A at the TOS 
is multiplied by the 32-bit fixed-point two's complement integer 
operand B at the NOS. The 32-bit least significant half of the product 
R replaces B, and the stack is moved up so that R occupies the TOS. 
The most significant half of the product is lost. Operands A and B are 
lost. Operands C and D are unchanged. 

The overflow status bit is set if the discarded upper half was non-zero. 
If either A or B is the most negative value that can be represented in 
the format, that value is returned as R and the overflow status is set. 
Status Affected: Sign, Zero, Overflow 


STACK CONTENTS 


BEFORE AFTER 


el ee 
ae foes sGt wal 
a ee ee et 
a 
ee ee psa 


}~——_—— 32 ——_»| |}~———. 32 ———>| 
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DMUU 


32-BIT FIXED-POINT MULTIPLY, UPPER 


7 6 5 4 3 2 1 0 
Binary codms: ~ [s]o]+]+]o] 1] 1] 0 
Hex Coding: B6 with sr=1 
36 with sr=0 


Execution Time: 182 to 218 clock cycles 

Description: 

The 32-bit fixed-point two's complement integer operand A at the TOS 
is multiplied by the 32-bit fixed-point two's complement integer 
operand B at the NOS. The 32-bit most significant half of the product 
R replaces B and the stack is moved up so that R occupies the TOS. 
The least significant half of the product is lost. Operands A and B are 
lost. Operands C and D are unchanged. 

If A or B was the most negative value possible in the format, overflow 
status is set and R is meaningless. 

Status Affected: Sign, Zero, Overflow 


STACK CONTENTS 
AFTER 


aa 


a: aaa 
= 
|~—_——— 32 —___>- 
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BEFORE 


Ca 10s 


OO ead 


|~—_—_— 32 ———>| 


DSUB 


32-BIT FIXED-POINT SUBTRACT 

7 6 5 4 3 2 1 0 
Peto} rtotitaftol: | 
AD with sr=1 


2D with sr=0 
38 to 40 clock cycles 


Binary Coding: 
Hex Coding: 


Execution Time: 
Description: 
The 32-bit fixed-point two's complement integer operand A at the TOS 
is subtracted from the 32-bit fixed-point two's complement integer 
operand B at the NOS. The difference R replaces operand B, and the 
stack is moved up so that R occupies the TOS. Operand B is lost. 
Operands A, C and D are unchanged. 

If the subtraction generates a borrow, it is reported in the carry status 
bit. If A is the most negative value that can be represented in the 
format, the overflow status is set. If the result cannot be represented 
in the data format range, the overflow bit is set, and the 32 least 
significant bits of the result are returned as RA. 

Status Affected: Sign, Zero, Carry, Overflow 


STACK CONTENTS 


BEFORE AFTER 
a os 
Bn a ae 
ae eee |p 
Sa aaa a ee 
|~__—. 32 ———_»| }~—_—— 32 ——+| 

TBO00051 
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EXP 


32-BIT FLOATING-POINT e* 


Binary Coding: 


Hex Coding: 8A with sr= 1 
0A with sr=0 

Execution Time: 3794 to 4878 clock cycles for 
lal<1.0x25 


34 clock cycles for lAl> 1.0x 2° 

Description: 
The base of natural! logarithms, e, is raised to an exponent value 
specified by the 32-bit floating-point operand A at the TOS. The result 
R of eA replaces A. Operands A, C and D are lost. Operand B is 
unchanged. 
EXP accepts all input data values within the range of -1.0 x 2t5 to 
+1.0x2t5, Input values outside this range will return a code of 1100 
in the error field of the status register. 
Accuracy: EXP exhibits a maximum relative error of 5.0 x 10-7 over 

the valid input data range. 
Status Affected: Sign, Zero, Error Field 


STACK CONTENTS 
BEFORE 


[aos 
ee ae ae 
Ue | eee 
= 
Te, ee 
Se eral 


~~ 32 ——__+| |~——— 32 ——_+| 


TBO0019M 


AFTER 


FADD 


32-BIT FLOATING-POINT ADD 


Binary Coding: 


90 with sr=1 

10 with sr=0 

54 to 368 clock cycles for A#0 
24 clock cycles for A=0 


Hex Coding: 
Execution Time: 


Description: 

32-bit floating-point operand A at the TOS is added to 32-bit floating- 
point operand B:at the NOS. The result R replaces B, and the stack is 
moved up so that R occupies the TOS. Operands A and B are lost. 
Operands C and D are unchanged. 

Exponent alignment before the addition and normalization of the result 
accounts for the variation in execution time. Exponent overflow and 
underflow are reported in the status register, in which case the 
mantissa is correct and the exponent is offset by 128. 

Status Affected: Sign, Zero, Error Field 


STACK CONTENTS 


BEFORE AFTER 
ee 
oe ee 
a aes) 
|———. 32 ———| |=————- 32 ———_+| 

TBOO021M 


(eee Oe ee eee 
Ls [ofofof{s}o]s]{o | Binary coaing: 


7 6 5 4 3 2 1 0 
po} stotofolfo | 


FDIV 


32-BIT FLOATING-POINT DIVIDE 

7 6 5 4 3 2 1 0 
Psfofofrfofofit: | 
93 with sr=1 
13 with sr=0 


154 to 184 clock cycles for A#*#0 
22 clock cycles for A=0 


Hex Coding: 
Execution Time: 


Description: 

32-bit floating-point operand B at the NOS is divided by 32-bit floating- 
point operand A at the TOS. The result R replaces B, and the stack is 
moved up so that R occupies the TOS. Operands A and B are lost. 
Operands C and D are unchanged. 

If operand A is zero, R is set equal to B and the divide-by-zero error is 
reported in the status register. Exponent overflow or underflow is 
reported in the status register, in which case the mantissa portion of 
the result is correct and the exponent portion is offset by 128. 
Status Affected: Sign, Zero, Error Field 


STACK CONTENTS 





BEFORE AFTER 
adi tos—-[ 
a: ae 
a ae 
[eae = = 8 | 
}~——— 32 ———-»| |~——_— 32 —-—»| 


TB000020 


FIXD 


32-BIT FLOATING-POINT TO 
32-BIT FIXED-POINT CONVERSION 
7 6 5 4 3 2 1 0 
ret L08 esa [ae as) [0 
9E with sr=1 


1E with sr=0 
90 to 336 clock cycles 


Binary Coding: 
Hex Coding: 


Execution Time: 
Description: 
32-bit floating-point operand A at the TOS is converted to a 32-bit 
fixed-point two's complement integer. The result R replaces A. 
Operands A and D are lost. Operands B and C are unchanged. 
If the integer portion of A is larger than 31 bits when converted, the 
overflow status will be set and A will not be changed. Operand D, 
however, will still be lost. 

Status Affected: Sign, Zero, Overflow 


STACK CONTENTS 
AFTER 


BEFORE 
SS aa 
eee ae eae ee) 
SL 
aa ae eee 
|. 32 —___>] 


TBO0022M 


TOS 


FIXS 


32-BIT FLOATING-POINT TO 
16-BIT FIXED-POINT CONVERSION 
7 6 5 4 3 2 1 0 
Psfofotitrfrtss | 
9F with sr=1 


1F with sr=0 
90 to 214 clock cycles 


Binary Coding: 
Hex Coding: 


Execution Time: 
Description: 
32-bit floating-point operand A at the TOS is converted to a 16-bit 
fixed-point two's complement integer. The result R replaces the lower 
half of A, and the stack is moved up by two bytes so that R occupies 
the TOS. Operands A and D are lost. Operands B and C are 
unchanged, but appear as upper (u) and lower (I) halves on the 16-bit 
wide stack if they are 32-bit operands. 

If the integer portion of A is larger than 15 bits when converted, the 
overflow status will be set and A will not be changed. Operand D, 
however, will still be lost. 

Status Affected: Sign, Zero, Overflow 


STACK CONTENTS 
BEFORE 





FLTD 


32-BIT FIXED-POINT TO 
32-BIT FLOATING-POINT CONVERSION 


7 6 5 4 3 2 1 0 
pinary coame: [To ]o[+]1] 1] 0] 
Hex Coding: 9C with sr=1 
1C with sr=0 


Execution Time: 
Description: 
32-bit fixed-point two's complement integer operand A at the TOS is 
converted to a 32-bit floating-point number. The result R replaces A at 
the TOS. Operands A and D are lost. Operands B and C are 
unchanged. 

Status Affected: Sign, Zero 


56 to 342 clock cycles 


STACK CONTENTS 


BEFORE AFTER 

A ——Tos—-| Rs 

B a ae 

c ree 

VEE ee 

D | 
——— 32 —_—__»| bo ——— 99 | 
TBO0025M 





FLTS 


16-BIT FIXED-POINT TO 
32-BIT FLOATING-POINT CONVERSION 


«VLEC8/VELS6WY 


7 6 5 4 3 2 1 0 
pinary coding: ([x]o]ol+]1]+]o]7| 
Hex Coding: 9D with sr=1 

1D with sr=0 


Execution Time: 
Description: 
16-bit fixed-point two's complement integer A at the TOS is converted 
to a 32-bit floating-point number. The lower half of the result R (Rl) 
replaces A; the upper half (Ru) replaces H, and the stack is moved 
down so that Ru occupies the TOS. Operands A, F, G and H are lost. 
Operands B, C, D and E are unchanged. 
Status Affected: Sign, Zero 


62 to 156 clock cycles 


STACK CONTENTS 


BEFORE 


TOS 








FMUL 


32-BIT FLOATING-POINT 


MULTIPLY 
7 6 5 4 3 2 1 0 
ainary coding: 10] 0]1]o]o] +] 0] 
Hex Coding: 92 with sr=1 
12 with sr=0 


Execution Time: 
Description: 
32-bit floating-point operand A at the TOS is multiplied by the 32-bit 
floating-point operand B at the NOS. The normalized result R replaces 
B, and the stack is moved up so that R occupies the TOS. Operands A 
and 8B are lost. Operands C and D are unchanged. 

Exponent overflow or underflow is reported in the status register, in 
which case the mantissa portion of the result is correct and the 
exponent portion is offset by 128. 

Status Affected: Sign, Zero, Error Field 


146 to 168 clock cycles 


STACK CONTENTS 


BEFORE AFTER 
a ee cee ee 
ae a, Pp 
a eee Ot ed 

ee 
Pedra oul | 


TBO00026M 
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FSUB 


32-BIT FLOATING-POINT SUBTRACTION 
7 6 


sinary coms: [el 0]o]+]o]o]o| 1] 
Hex Coding: 91 with sr= 
11 with sr=0 


Execution Time: 70 to 370 clock cycles for A#0 

26 clock cycles for A=0 

Description: 

32-bit floating-point operand A at the TOS is subtracted from 32-bit 
floating-point operand B at the NOS. The normalized difference R 
replaces B and the stack is moved up so that R occupies the TOS. 
Operands A and B are lost. Operands C and D are unchanged. 
Exponent alignment before the subtraction and normalization of the 
result account for the variation in execution time. 

Exponent overflow or underflow is reported in the status register, in 
which case the mantissa portion of the result is correct and the 
exponent portion is offset by 128. 

Status Affected: Sign, Zero, Error Field (overflow) 


STACK CONTENTS 


BEFORE AFTER 
a 
a ae 
ee ee 
ae ee =e 
|~——— 32-—__+| | 39 ———»| 
TB000027 


LOG 


32-BIT FLOATING-POINT 
COMMON LOGARITHM 
7 6 2 1 0 
Ps fofotolijofolfo 
88 with sr =1 
08 with sr =0 


4474 to 7132 clock cycles for A>0O 
20 clock cycles for A<O 


Binary Coding: 
Hex Coding: 


Execution Time: 


Description: 

The 32-bit floating-point operand A at the TOS is replaced by R, the 

32-bit floating-point common logarithm (base 10) of A. Operands A, C 

and D are Jost. Operand B is unchanged. 

The LOG function accepts any positive input data value that can be 

represented by the data format. If LOG of a non-positive value is 

attempted, an error status of 0100 is returned. 

Accuracy: LOG exhibits a maximum absolute error of 2.0 x 10-7 for 
the input range trom 0.1 to 10, and a maximum relative 
error of 2.0x 107” for positive values less than 0.1 or 
greater than 10. 

Status Affected: Sign, Zero, Error Field 


STACK CONTENTS 


BEFORE AFTER 
[a tos 
ae eae, Pa cee 

Sr 
Se 
a 
fete 2D Sa Bll [| 
|~—_——- 32 —_—_-»| |~~——— 32 ——_»| 
TBOO00029 


LN 


32-BIT FLOATING-POINT 
NATURAL LOGARITHM 


2 1 0 
tsfofofojifo}o]s | 


89 with sr=1 

09 with sr=0 

4298 to 6956 clock cycles for A>0O 
20 clock cycles for ASO 


Binary Coding: 
Hex Coding: 


Execution Time: 


Description: 

The 32-bit floating-point operand A at the TOS is replaced by R, the 

32-bit floating-point natural logarithm (base e) of A. Operands A, C 

and D are lost. Operand B is unchanged. 

The LN function accepts all positive input data value that can be 

represented by the data format. If LN of a non-positive value is 

attempted, an error status of 0100 is returned. 

Accuracy: LN exhibits a nesinam absolute error of 2x 107” for the 
input range from e~ ' to e, and a maximum relative error of 
2.0x 107‘ for positive values less than e7 ~1 or greater 
than e. 

Status Affected: Sign, Zero, Error Field 


STACK CONTENTS 


BEFORE AFTER 
== == 
|}~_——- 32 >| 
TBO00028 
NOP 
NO 
OPERATION 
7 6 5 4 3 2 1 0 
onary coans: = [x ToToToToTolo[o] 
Hex Coding: 80 with sr = 1 
00 with sr =0 


Execution Time: 
Description: 
The NOP command performs no internal data manipulations. It may 
be used to set or clear the service request interface line without 
changing the contents of the stack. 

Status Affected: The status byte is cleared to all zeroes. 


4 clock cycles 


2-18 


POPD 


32-BIT 
STACK POP 
7 6 5 4 3 2 1 0 
Prtotifitifofolo | 
B8 with sr=1 


38 with sr=0 
12 clock cycles 


Binary Coding: 
Hex Coding: 


Execution Time: 
Description: 
The 32-bit stack is moved up so that the old NOS becomes the new 
TOS. The previous TOS rotates to the bottom of the stack. All 
operand values are unchanged. POPD and POPF execute the same 
operation. 

Status Affected: Sign, Zero 


STACK CONTENTS 


BEFORE AFTER 
eee eee a 
ea 
ee ee 
ees: es 
|~_——. 32 ———-»| |~—__—— 32 
TBO00082 


POPF 


32-BIT 
STACK POP 


7 6 5 4 3 2 1 0 
Binary Coding: = {ss | of oO] + {is {ololo | gi coungs 


98 with sr =1 
18 with sr=0 
12 clock cycles 


Hex Coding: 


Execution Time: 
Description: 
The 32-bit stack is moved up so that the old NOS becomes the new 
TOS. The previous TOS rotates to the bottom of the stack. All 
operand values are unchanged. POPF and POPD execute the same 
operation. 

Status Affected: Sign, Zero 


STACK CONTENTS 
BEFORE AFTER 


ee ee 
ee eee 
el 
eee 


|~——— 32 ——>| 


TBOO000S3 


|——__—— 32. ——__+-| 


POPS 


«VLEZ8/VLLS6ewiy 


16-BIT 
STACK POP 
7 6 5 4 3 2 1 0 
sinary codms: [e]1]*]*]*]o]°]0 | 
Hex Coding: F8 with sr=1 ; 
78 with sr =0 


Execution Time: 10 clock cycles 

Description: 

The 16-bit stack is moved up so that the old NOS becomes the new 
TOS. The previous TOS rotates to the bottom of the stack. All 
operand values are unchanged. 


Status Affected: Sign, Zero 


STACK CONTENTS 





PTOD 


PUSH 32-BIT 
TOS ONTO STACK 
7 6 5 4 3 2 1 0 
Psfo}itrfotrtiti | 
B7 with sr=1 


37 with sr=0 
20 clock cycles 


Hex Coding: 


Execution Time: 
Description: 
The 32-bit stack is moved down, and the previous TOS is copied into 
the new TOS location. Operand D is lost. All other operand values are 
unchanged. PTOD and PTOF execute the same operation. 
Status Affected: Sign, Zero 


STACK CONTENTS 
BEFORE AFTER 


oe ee A 
aaa 
Lee es el 
eae ee 
|~—_—— 32 —_—_+| 


TBOO00S4 
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PTOF 


PUSH 32-BIT 
TOS ONTO STACK 


PUPI 


PUSH 32-BIT 
FLOATING-POINT 77 


7 6 5 4 3 2 14 0 
7 6 &§ 4 3 2 1 90 
ainay cooing: §=— [x] oTo]1]oy+[s [+] mavcume = [xloloisjijolsjo| 
Hex Coding: 97 with sr=1 eh VOuna: acco 
17 with sr=0 


Execution Time: 
Description: 
The 32-bit stack is moved down, and the previous TOS is copied into 
the new TOS location. Operand D is lost. All other operand values are 
unchanged. PTOF and PTOD execute the same operation. 
Status Affected: Sign, Zero 


20 clock cycles 


STACK CONTENTS 


BEFORE AFTER 


ros—-[ Ad 
San ee 
ee ee 
}~-— 32 —_—»| 


TBO00055 


it 


PTOS 


PUSH 16-BIT 
TOS ONTO STACK 


Binary Coding: 


F7 with sr=1 
77 with sr=0 
16 clock cycles 


Hex Coding: 


Execution Time: 
Description: 


Execution Time: 16 clock cycles 

Description: 

The 32-bit stack is moved down so that the previous TOS occupies 
the new NOS location. 32-bit floating-point constant 7 is entered into 
the new TOS location. Operand D is lost. Operands A, B and C are 
unchanged. 

Status Affected: Sign, Zero 


STACK CONTENTS 
BEFORE 


ieee 
pe Co! 


+ 32 —_—__+| 


AFTER 


ros—-[_ sd 
pA 
| 
|~——— 32 >| 


TBOOO056 


7 6 5 4 3 2 1 0 
ioe [lla feet [0a a Yet op tc 


The 16-bit stack is moved down, and the previous TOS is copied into 
the new TOS location. Operand H is lost, and all other operand values 


are unchanged. 
Status Affected: Sign, Zero 


STACK CONTENTS 
BEFORE 


TOS 





j~— 16 —e 


TBO00057 


2-20 


PWR 


32-BIT 
FLOATING-POINT XY 


Binary Coding: 


8B with sr=1 
OB with sr =0 
8290 to 12032 clock cycles 


Hex Coding: 


Execution Time: 
Description: 
32-bit floating-point operand B at the NOS is raised to the power 
specified by the 32-bit floating-point operand A at the TOS. The result 
R of BA replaces B, and the stack is moved up so that R occupies the 
TOS. Operands A, B, and D are lost. Operand C is unchanged. 
The PWR function accepts all input data values that can be 
represented in the data format for operand A and all positive values 
for operand B. If operand B is non-positive, an error status of 0100 will 
be returned. The EXP and LN functions are used to implement PWR 
using the relationship BA = EXP [A(LN B))}. Thus, if the term [A(LN B)]} 
is outside the range of -1.0x2*5, to +1.0x 25, an error status of 
1100 will be returned. Underflow and overflow conditions can occur. 
Accuracy: The error performance for PWR is a function of the LN 
and EXP performance as expressed by: 
(Related Error)pwrl=KRelative Error)exp + (Absolute 
Error)in| 
The maximum relative error for PWR occurs when A is at 
its maximum value while [A(LN B)] is near 1.0 x 25 and the 
EXP error is also at its maximum. For most practical 
applications, the relative error for PWR will be less than 
7.0 x 1077, 
Status Affected: Sign, Zero, Error Field 


STACK CONTENTS 
BEFORE 


fae ate 2 


AFTER 


tos—-[ 


= 


—— 

ae 

Rae ere eel 
TBO000030 


7 6 5 4 3 2 1 0 
ps fofofofifo}i ti 


SADD 


16-BIT 
FIXED-POINT ADD 
7 6 5 4 3 2 1 0 
anay coving: $= [11] + ols [+ [oo] 
Hex Coding: EC with sr=1 
6C with sr=0 


Execution Time: 16 to 18 clock cycles 

Description: 

16-bit fixed-point two's complement integer operand A at the TOS is 
added to 16-bit fixed-point two's complement integer operand B at the 
NOS. The result R replaces B, and the stack is moved up so that R 
occupies the TOS. Operand B is lost. All other operands are 
unchanged. 

If the addition generates a carry bit, it is reported in the status register. 
If an overflow occurs, it is reported in the status register, and the 16 
least significant bits of the result are returned. 

Status Affected: Sign, Zero, Carry, Error Field 


STACK CONTENTS 
BEFORE 


TOS 





if 
L 


TBOO00058 
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SDIV 


16-BIT 
FIXED-POINT DIVIDE 
7 6 5 4 3 2 1 0 
EAR ERE Eee 
EF with sr=1 
6F with sr=0 


84 to 94 clock cycles for A#0 
14 clock cycles for A=0 


Binary Coding: 
Hex Coding: 


Execution Time: 


Description: 

16-bit fixed-point two's complement integer operand B at the NOS is 
divided by 16-bit fixed-point two's complement integer operand A at 
the TOS. The 16-bit quotient R replaces B, and the stack is moved up 
so that R occupies the TOS. No remainder is generated. Operands A 
and B are lost. All other operands are unchanged. 

If Ais zero, R will be set equal to B and the divide-by-zero error status 
will be reported. 

Status Affected: Sign, Zero, Error Field 


STACK CONTENTS 
BEFORE 


TOS 


TBO000031 


SIN 


32-BIT 
FLOATING-POINT SINE 
7 6 5 4 3 2 1 0 
pofo}olofifo| 
82 with sr=1 
02 with sr =0 
3796 to 4808 clock cycles for lAl> 27 1@ 


radians 
30 clock cycles for lAl<2-12 radians 


Binary Coding: 
Hex Coding: 


Execution Time: 


Description: 

The 32-bit floating-point operand A at the TOS is replaced by R, the 

32-bit floating-point sine of A. A is assumed to be in radians. Operands 

A, C and D are lost. Operand B is unchanged. 

The SIN function will accept any input data value that can be 

represented by the data format. All input values are range reduced to 

fall within the interval -7/2 to +7/2 radians. 

Accuracy: SIN exhibits a maximum relative error of 5.0 x 107? for 
input values in the range of -—27 to +27 radians. 

Status Affected: Sign, Zero 


STACK CONTENTS 


BEFORE 


AFTER 


ros—-[_ Rd 


Sa 
er 
pt 


TBO00032 





2-22 


SMUL 


16-BIT FIXED-POINT 
MULTIPLY, LOWER 


7 6 5 4 3 2 1 0 
Binary coding: [s]1]+]o]*]*] 1] 0] 
Hex Coding: EE with sr=1 
6E with sr=0 


Execution Time: 
Description: 
16-bit fixed-point two's complement integer operand A at the TOS is 
multiplied by the 16-bit fixed-point two's complement integer operand 
B at the NOS. The 16-bit least significant half of the product R 
replaces B, and the stack is moved up so that R occupies the TOS. 
The most significant half of the product is lost. Operands A and B are 
lost. All other operands are unchanged. The overflow status bit is set if 
the discarded upper half was non-zero. If either A or B is the most 
negative value that can be represented in the format, that value is 
returned as R and the overflow status is set. 

Status Affected: Sign, Zero, Error Field 


STACK CONTENTS 


84 to 94 clock cycles 


BEFORE 
TOS 


Qo} 7 QO > 





16—~ 
TBO00033 


SMUU 


16-BIT FIXED-POINT 
MULTIPLY, UPPER 


7 6 5 4 3 2 1 0 
Binary Coutng ae [eeol os a ede 
Hex Coding: F6 with sr =1 
76 with sr=0 


Execution Time: 
Description: 
16-bit fixed-point two's complement integer operand A at the TOS is 
multiplied by the 16-bit fixed-point two's complement integer operand 
B at the NOS. The 16-bit most significant half of the product R 
replaces B, and the stack is moved up so that R occupies the TOS. 
The least significant half of the product is lost. Operands A and B are 
lost. All other operands are unchanged. 

If either A or B is the most negative value that can be represented in 
the format, that value is returned as R and the overflow status is set. 
Status Affected: Sign, Zero, Error Field 


80 to 98 clock cycles 


STACK CONTENTS 


BEFORE 


TOS 





j— 4 
2 
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SQRT 


32-BIT FLOATING-POINT SQUARE ROOT 

7 6 5 4 3 2 1 0 
Ps{o}ofo}o}ofo]: | 
81 with sr=1 


01 with sr=0 
782 to 870 clock cycles 


Binary Coding: 
Hex Coding: 


Execution Time: 
Description: 
32-bit floating-point operand A at the TOS is replaced by R, the 32-bit 
floating-point square root of A. Operands A and D are lost. Operands 
B and C are unchanged. 

SQRT will accept any non-negative input data that can be represented 
by the data format. If A is negative an error code of 0100 will be 
returned in the status register. 

Status Affected: Sign, Zero, Error Field 


STACK CONTENTS 


BEFORE AFTER 


i a a ee 
aa ee ee ae, 
a 
ee ee | 
a eee | 


+ 32 ——___»| 
TB000035 


SSUB 


16-BIT FIXED-POINT SUBTRACT 


Binary Coding: 


7 6 5 4 3 2 1 0 
Pert ititotr{sfo {is | 
ED with sr= 1 
6D with sr=0 


30 to 32 clock cycles 


Hex Coding: 


Execution Time: 
Description: 
16-bit fixed-point two's complement integer operand A at the TOS is 
subtracted from 16-bit fixed-point two's complement integer operand 
B at the NOS. The result R replaces B, and the stack is moved up so 
that R occupies the TOS. Operand B is lost. All other operands are 
unchanged. 

If the subtraction generates a borrow, it is reported in the carry status 
bit. If A is the most negative value that can be represented in the 
format, the overflow status is set. If the result cannot be represented 
in the format range, the overflow status is set and the 16 least 
significant bits of the result are returned as R. 

Status Affected: Sign, Zero, Carry, Error Field 


STACK CONTENTS 


TOS 


TBO00059 


TAN 


32-BIT FLOATING-POINT TANGENT 

7 6 5 4 3 2 1 0 
Pssfo}ofo}olifojo | 
84 with sr=1 
04 with sr=0 
4894 to 5886 clock cycles for lal> 2-12 


radians 
30 clock cycle for Al< 2-12 radians 


Binary Coding: 
Hex Coding: 


Execution Time: 


Description: 

The 32-bit floating-point operand A at the TOS is replaced by the 32- 

bit floating-point tangent of A. Operand A is assumed to be in radians. 

A, C and D are lost. B is unchanged. 

The TAN function will accept any input data value that can be 

represented in the data format. All input data values are range- 

reduced to fall within -7/4 to + 7/4 radians. TAN is unbounded for 

input values near odd multiples of 7/2, and in such cases, the 

overflow bit is set in the status register. For angles smaller than 712 

radians, TAN returns A as the tangent of A. 

Accuracy: TAN exhibits a maximum relative error of 5.0 x 107? for 
input data values in the range of —27 to +27 radians 
except for data values near odd multiples of 1/2. 

Status Affected: Sign, Zero, Error Field (overflow) 


STACK CONTENTS 
BEFORE 


TBO00036 


EXCHANGE 32-BIT STACK OPERANDS 

7 6 5 4 3 2 1 0 
pepo} aap oops | 
B9 with sr=1 


39 with sr =0 
26 clock cycles 


Binary Coding: 
Hex Coding: 


Execution Time: 
Description: 
32-bit operand A at the TOS and 32-bit operand B at the NOS are 
exchanged. After execution, B is at the TOS and A is at the NOS. All 
operands are unchanged. XCHD and XCHF execute the same 
operation. 

Status Affected: Sign, Zero 


STACK CONTENTS 


BEFORE AFTER 
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Hex Coding: 99 with sr=1 
: 19 with sr=0 Hex Coding: Ss a. : 
Execution Time: 26 clock cycles Sheela ere he vies fen 


Description: | - 
32-bit operand A at all TOS and 32-bit operand B at the NOS are Description: 


‘ : . 16-bit operand A at the TOS and 16-bit operand B at the NOS are 
exchanged. After execution, B is at the TOS and A is at the NOS. All : : j 
pan aia inchanged spon and XCHF elie the same exchanged. After execution, B is at the TOS and Ais at the NOS. All 
: operands are unchanged. 


operation. : 
Status Affected: Sign, Zero Status Affected: Sign, Zero 
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Am9511A/8231A* 


APPLICATIONS INFORMATION 


The diagram in Figure 2 shows the interface connections for 
the Am9511A/8231A APU with operand transfers handled by 
an Am9517A DMA controller and CPU coordination handled 
by an Am9519A Interrupt Controller. The APU interrupts the 
CPU to indicate that a command has been completed. When 
the performance enhancements provided by the DMA and 


Interrupt operations are not required, the APU interface can be 
simplified as shown in Figure 1. The Am9511A/8231A APU is 
designed with a general purpose 8-bit data bus and interface 
control so that it can be conveniently used with any general 8- 
bit processor. 


ADDRESS BUS 


Ro ci. Ss 
wim Amo511A/82318 
ARITHMETIC 
CLK PROCESSOR 
UNT 
PAUSE 
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Figure 1. Am9511A/8231A Minimum Configuration Example. 
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Figure 2. Am9511A/8231A High Performance Configuration Example. 





ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature -65 to + 150°C ; : 

VDD with Respect to VSS -0.5V to +15.0V Commercial (C) Devices 

VCC with Respect to VSS -0.5V to +7.0V Temperature (Ta) 

All Signal Voltages Supply Voltage (Vcc) 
with Respect to VSS -5.0V to +7.0V (Vpp) 


> 
3 
wo 
oO 
on 
ah 
> 
N 
ce) 
i) 
to 
Power Dissipation (Package Limitation) ................. 2.0W Industrial (I) Devices > 


Stresses above those listed under ABSOLUTE MAXIMUM Temperature (Ta) Sao eee 
RATINGS may cause permanent device failure. Functionality Supply Voltage (Vcc) SV +10 he 
at or above these limits is not implied. Exposure to absolute (Vpp) 12 +10% 


maximum ratings for extended periods may affect device 
reliability. 3 P “s Operating ranges define those limits between which the 


functionality of the device is guaranteed. 


DC CHARACTERISTICS over operating range (Note 1) 


|Parameters| Description —s|_—=Test Conditions ~—|_—sMin_— | Typ_—«|_—s Max_—| Units 
[vor | Output HIGH Vonage | 10H=-2009a_—=—SC~i Sad] SC*d SSCSCSCSC~*dtC 
[vot [Output Low Votage [| 0L=aama——SC~C~iSSCSC~‘TSCSSCS*dSCr (| ls 
[vit | input HIGH Votage [SSCS 2 ‘| i vos 
[vit | “trput Low Votags if SSCS = Cd 8 ts 
er ee 


VO=0.4V iced Ca Ba 
eee en | VOmo4v0 
| ez | ome toiace ov ee ee 
Ta = +25°C ee ee 
Icc VCC Supply Current - 
p taro ft 


= +25°C ee ae ee ee 
OG Sencar 
ee 


Output Capacitance 
Input Capacitance fc = 1.0MHz, Inputs = OV 
| ClO. _—i{_‘1/O Capacitance 


Note: 1. Typical values are for Ta = 25°C, normal supply voltages and normal processing parameters. 








SWITCHING TEST INPUT WAVEFORM 
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20 esp _ = 2.0 
08 =—— POINTS. gg 
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See Section 6 for Thermal Characteristics Information. 
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SWITCHING CHARACTERISTICS over operating range (Note 1) 


Am9511A/8231A Am9511A-1/8231A Am9511A-4/8231A 


Parameters Description 
TAPW EACK LOW Pulse Width 
TCDR C/D to RD LOW Set-up Time 
TCDW /D to WR LOW Set-up Time 
TCPH Clock Pulse HIGH Width 
TCPL Clock Pulse LOW Width 


CS LOW to RD LOW 
TCSR Set-up Time 


Am9511A/8231A* 


oie 
eee el 
a ae 
Pee |) 
TOSW So | 
CY 


CS LOW to WR LOW Set-up Time 


Clock Period 


fo 


Data Bus Stable to WR 
HIGH Set-up Time 


TEAE EACK LOW to END HIGH Delay 
TEPW OW Pulse Width (Note 4) 
TOP ta Bus Output Valid to 


P HIGH Delay | 0 | 


ae PAUSE LOW Pulse 3.5TCY +50 | 5.5TCY +300 | 3.5TCY+50 | S.STCY+200] 3.5TCY+50 | 5.5TCY +200 
Width Read (Note 5) Status 1.5TCY +50 | 35TCY +300] 1.5TCY+50 | 3.5TCY +200] 1.5TCY+50 | 3.5TCY + 200 


PAUSE LOW Pulse Width Write 


TDW 


m 

ps zi 
{oO 
o| 


TPP 


ali 


PAUSE HIGH to RD 
HIGH Hold Time 


PAUSE HIGH to WA 
HIGH Hold Time 


RD HIGH to C/D Hold Time 


a 
RD HIGH to CS HIGH Hold Time | 0 
= 


4 
vu 
Bs) 


TACD = 
TRCS aka! 
100 
P10] 


TRO 


(Note 8) | 
| 
| 


RD LOW to Data Bus ON Delay 


Delay (Note 6) 100 (Note 9) 100 
RZ RD HIGH to Data Bus OFF Delay 


TSAPW SVACK LOW Pulse Width 


| 50 
SVACK LOW to SVREQ 
TSAR LOW Delay . f= 
| oo 
Oe | 
lo — 2) 
| ATcY 
| STCY 


ort 
rae 
all 
| 


a 
c 
(eo) 
= 
s 
c 
(@) 
= 


CD WR HIGH to C/D Hold Time 
CS R HIGH to CS HIGH Hold Time 
R HIGH to Data Bus Hold Time 


4TCY 
S5TCY 


WR LOW to PAUSE LOW 
Delay (Note 6) 


. Typical values are for Ta = 25°C, nominal supply voltages and nominal processing parameters. 

. Switching parameters are listed in alphabetical order. 

. Test conditions assume transition times of 20ns or less, output loading of one TTL gate plus 100pF +20pF and timing reference 
levels of 0.8V and 2.0V. 

. END low pulse width is specified for EACK tied to VSS. Otherwise TEAE applies. 

. Minimum values shown assume_no previously entered command is being executed for the data access. If a previously entered 
command is being executed, PAUSE LOW Pulse Width is the time to complete execution plus the time shown. Status may be read 
at ary time without exceeding the time shown. 

PAUSE is pulled low for both command and data operations. 

. TEX is the execution time of the current command (see the Command Execution Times table). 

. PAUSE low pulse width is less than 50ns when writing into the data port or the control port as long as the duty requirement (TWI) 
is observed and no previous command is being executed. TWI may be safely violated up to 500ns as long as the extended TPPWW 
that results is observed. If a previously entered command is being executed, PAUSE LOW Pulse Width is the time to complete 
execution plus the time shown. 

. 150ns for Military grade. 
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SWITCHING WAVEFORMS 
READ OPERATIONS 
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WRITE OPERATIONS 
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Am9513A 


System Timing Controller 


DISTINCTIVE CHARACTERISTICS 


Am9513A 


Five independent 16-bit counters 

High speed counting rates 

Up/down and binary/BCD counting 
Internal oscillator frequency source 
Tapped frequency scaler 

Programmable frequency output 

8-bit or 16-bit bus interface 

Time-of-day option 

Alarm comparators on counters 1 and 2 


Complex duty cycle outputs 

One-shot or continuous outputs 
Programmable count/gate source selection 
Programmable input and output polarities 
Programmable gating functions 
Retriggering capability 

+5 volt power supply 

Standard 40-pin package 


GENERAL DESCRIPTION 


The Am9513A System Timing Controller is an LSI circuit 
designed to service many types of counting, sequencing 
and timing applications. It provides the capability for pro- 
grammable frequency synthesis, high resolution program- 
mable duty cycle waveforms, retriggerable digital one- 
shots, time-of-day clocking, coincidence alarms, complex 
pulse generation, high resolution baud rate generation, 
frequency shift keying, stop-watching timing, event count 
accumulation, waveform analysis, etc. A variety of program- 
mable operating modes and control features allow the 
Am9513A to be personalized for particular applications as 
well as dynamically reconfigured under program control. 


The STC includes five general-purpose 16-bit counters. A 
variety of internal frequency sources and external pins may 
be selected as inputs for individual counters with software 
selectable active-high or active-low input polarity. Both 
hardware and software gating of each counter is available. 
Three-state outputs for each counter provide pulses or 
levels and can be active-high or active-low. The counters 
can be programmed to count up or down in either binary or 
BCD. The host processor may read an accumulated count 
at any time without disturbing the counting process. Any of 
the counters may be internally concatenated to form any 
effective counter length up to 80 bits. 
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Figure 1-1. 
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CONNECTION DIAGRAMS 
Top View 


OUT3 
GATE 2 
OUT 4 
OUTS 
GATE 3 
GATE 4 
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SOURCE1 
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VeElsauly 


ON Aor OPN = 


cb SOURCE 1 

WR SOURCE 2 

cs SOURCE 3 

RO SOURCE 4 

DBO SOURCE 5 

OB1 DB15 

DB2 DB14 

OB3 0B13 

DB4 DB12/GATE 5A 

OBS DB11/GATE 4A 

DB6 DB10/GATE 3A 

087 OBS/GATE 2A 
GATE 1A/DB8 VSS (GND) 


SOURCE3 
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NC 
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a 
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DB12/GATESA [J 8 
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Note: Pin 1 is marked for orientation. 


ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is formed by 
a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Package Type 

d. Temperature Range 

e. Optional Processing 


AM9513A D 


[| OPTIONAL PROCESSING 


Blank = Standard processing 
B = Burn-in 


. TEMPERATURE RANGE* 
C =Commercial (0 to + 70°C) 
| = Industrial (-40 to + 85°C) 


. PACKAGE TYPE 
P = 40-Pin Plastic DIP (PD 040) 
D = 40-Pin Ceramic DIP (CD 040) 
J =44-Pin Plastic Leaded Chip Carrier 
(PL 044) 


. SPEED OPTION 
Not Applicable 


a. DEVICE NUMBER/DESCRIPTION 
Am9513A 
System Timing Controller 


Valid Combinations 


Valid Combinations 


Valid Combinations list configurations planned to be supported in 
volume for this device. Consult the local AMD sales office to 
confirm availability of specific valid combinations, to check on 
newly released combinations, and to obtain additional data on 
AMD's standard military grade products. 





AM9513A PC, DC, DCB, DIB, JC 


*This device is also available in Military temperature 
range. See MOS Microprocessors and Peripherals 
Military Handbook (Order # 09275A/0) for electrical 
performance characteristics. 
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Am9513A 


PIN DESCRIPTION 


Description 


+5V Power Supply. 


Ground. 


(Crystal). X1 and X2 are the connections for an external crystal used to determine the frequency of the 
internal oscillator. The crystal should be a parallel-resonant, fundamental-mode type. An RC or LC or other 
reactive network may be used instead of a crystal. For driving from an external frequency source, X1 should 
be left open and X2 should be connected to a TTL source and a pull-up resistor. 


(Frequency Out). The FOUT output is derived from a 4-bit counter that may be programmed to divide its 
input by any integer value from 1 through 16 inclusive. The input to the counter is selected from any of 15 
sources, including the internal scaled oscillator frequencies. FOUT may be gated on and off under software 
control and when off will exhibit a low impedance to ground. Control over the various FOUT options resides 
in the Master Mode register. After power-up, FOUT provides a frequency that is 1/16 that of the oscillator. 
The input source on power-up is F1. 


(Gate). The Gate inputs may be used to contro! the operations of individual counters by determining when 
counting may proceed. The same Gate input may control up to three counters. Gate pins may also be 
selected as count sources for any of the counters and for the FOUT divider. The active polarity for a 
selected Gate input is programmed at each counter. Gating function options allow level-sensitive gating or 
edge-initiated gating. Other gating modes are available including one that allows the Gate input to select 
between two counter output frequencies. All gating functions may also be disabled. The active Gate input is 
conditioned by an auxiliary input when the unit is operating with an external 8-bit data bus. See Data Bus 
description. Schmitt-trigger circuitry on the GATE inputs allows slow transition times to be used. 


(Source). The Source inputs provide external signals that may be counted by any of the counters. Any 
Source line may be routed to any or all of the counters and the FOUT divider. The active polarity for a 
selected SRC input is programmed at each counter. Any duty cycle waveform will be accepted as long as 
the minimum pulse width is at least half the period of the maximum specified counting frequency for the 
part. Schmitt-trigger circuitry on the SRC inputs allows slow transition times to be used. 


- 
GATE1 - GATES 


SRC1 - SRC5 
OUT1 - OUTS 


DBO - DB7, 1/0 (Data Bus). The 16 bidirectional Data Bus lines are used for information exchanges with the host processor. 

DBs - DB15 HIGH on a Data Bus line corresponds to one and LOW corresponds to zero. These lines act as inputs when 
WR and CS are active and as outputs when RD and CS are active. When CS is inactive, these pins are 
placed in a high-impedance state. 


After power-up or reset, the data bus will be configured for 8-bit width and will use only DBO through DB7. 
DBO is the least significant and DB7 is the most significant bit position. The data bus may be reconfigured 
for 16-bit width by changing a control bit in the Master Mode register. This is accomplished by writing an 8- 
bit command into the low-order DB lines while holding the DB13-DB15 lines at a logic high level. 
Thereafter, all 16 lines can be used, with DBO as the least significant and DB1 5 as the most significant bit 
position. 


When operating in the 8-bit data bus environment, DB8 - DB15 will never be driven active by the Am9513A. 
DB8 through DB12 may optionally be used as additional Gate inputs (see Figure 1-3). If unused, they 
should be held HIGH. When pulled LOW, a GATENA signal will disable the action of the corresponding 
counter N gating. DB13-DB15 should be held HIGH in 8-bit bus mode whenever CS and WR are 
simultaneously active. 


(Counter). Each 3-state OUT signal is directly associated with a corresponding individual counter. 
Depending on the counter configuration, the OUT signal may be a pulse, a square wave, or a complex duty 
cycle waveform. OUT pulse polarities are individually programmable. The output circuitry detects the 
counter state that would have been all bits zero in the absence of a reinitialization. That information is used 
to generate the selected waveform type. An optional output mode for Counters 1 and 2 overrides the 
normal output mode and provides a true OUT signal when the counter contents match the contents of an 
Alarm register. 


(Chip Select). The active-low Chip Select input enables Read and Write operations on the data bus. When 
Chip Select is HIGH, the Read and Write inputs are ignored. The first Chip Select signal after power-up is 
used to clear the power-on reset circuitry. If Chip Select is tied to ground permanently, the power-on reset 
circuitry may not function. In such a configuration, the software reset command must be issued following 
power-up to reset the Am9513A. 


(Read). The active-low Read signal is conditioned by Chip Select and indicates that internal information is 
to be transferred to the data bus. The source will be determined by the aot being addressed and, for Data 
Port reads, by the contents of the Data Pointer register. WR and should be mutually exclusive. 


(Write). The active-low Write signal is conditioned by Chip Select and indicates that data bus information is 
to be transferred to an internal location. The destination will be determined by the port being addressed 
and, for Data Port writes, by the contents of the Data Pointer register. WR and RD should be mutually 
exclusive. 


(Controt/Data). The Control/Data signal selects source and destination locations for Read and Write 
operations on the data bus. Contro! Write operations load the Command register and the Data Pointer. 
Control Read operations output the Status register. Data Read and Data Write transfers communicate with 
all other internal registers. Indirect addressing at the data port is controlled internally by the Data Pointer 
register. 
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[sional [Abbreviation | Type [Pine 


+5 Volts Power 
Ground Power 
Crystal O, | 
Read Input 
Write Input 
Chip Select Input 
Control/Data Input 
Source N Input 
Gate N Input 
Data Bus 1/0 
Frequency Out Output 
Out N Output 


a a — — — =& A — — 


ae 


Figure 1-2. Interface Signal Summary 


Figure 1-2 summarizes the interface signals and 
their abbreviations for the STC. 


Data Bus Width (MM14) 
Package 
Pin 16 Bits 8 Bits 
12 DBO DBO 


DB1 
DB2 
DB3 
DB4 
DB5 
DB6 
DB7 
GATE 1A 
GATE 2A 
GATE 3A 
GATE 4A 
GATE 5A 
(VIH) 
(VIH) 
(VIH) 


Figure 1-3. Data Bus Assignments 


Interface Considerations 


All of the input and output signals for the Am9513A are 
specified with logic levels compatible with those of standard 
TTL circuits. In addition to providing TTL compatible voltage 
levels, other output conditions are specified to help configure 
non-standard interface circuitry. The logic level specifications 
take into account all worst-case combinations of the three 
variables that affect the logic level thresholds: ambient tem- 
perature, supply voltage and processing parameters. A 
change in any of these toward nominal values will improve the 
actual operating margins and will increase noise immunity. 


Unprotected open gate inputs of high quality MOS transistors 
exhibit very high resistances on the order of perhaps 10 

ohms. It is easy, therefore, in some circumstances, for charge 
to enter the gate node of such an input faster than it can be 
discharged and consequently, for the gate voltage to rise high 
enough to break down the oxides and destroy the transistor. 
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All inputs to the Am9513A include protection networks to help 
prevent damaging accumulations of static charge. The protec- 
tion circuitry is designed to slow the transitions of incoming 
current surges and to provide low-impedance discharge paths 
for voltages beyond the normal! operating levels. Note, howev- 
er, that input energy levels can nonetheless be too high to be 
successfully absorbed. Conventional design, storage, and 
handling precautions should be observed so that the protec- 
tion networks themselves are not overstressed. 


Within the limits of normal operation, the input protection 
circuitry is inactive and may be modeled as a lumped series 
RC as shown in Figure 1-4(a). The functionally active input 
connection during normal operation is the gate of a MOS 
transistor. No active sources or drains are connected to the 
inputs so that neither transient nor steady-state currents are 
impressed on the driving signals other than the charging or 
discharging of the input capacitance and the accumulated 
leakage associated with the protection network and the input 
circuit. 


a) 


FUNCTIONALLY 
ACTIVE 
INTERNAL 
CIRCUITRY 


ZT) 


CIRCUITRY 
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Figure 1-4. Input Circuitry 


The only exception to the purely capacitive input case is the 
X2 crystal input. As shown in Figure 1-4(b) an interna! resistor 
connects X1 and X2 in addition to the protection network. The 
resistor is a modestly high value of more than 100kohms. 


Fanout from the driving circuitry into the Am9513A inputs will 
generally be limited by transition time considerations rather 
than DC current limitations when the loading is dominated by 
conventional MOS circuits. In an operating environment, all 
inputs should be terminated so they do not float and therefore 
will not accumulate stray static charges. Unused inputs should 
be tied directly to Ground or VCC, as appropriate. An input in 
use will have some type of logic output driving it, and 
termination during operation will not be a problem. Where 
inputs are driven from logic external to the card containing this 
chip, however, on-board termination should be provided to 
protect the chip when the board is unplugged (the input would 
otherwise float). A pull-up resistor or a simple inverter or gate 
will suffice. 
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Am9513A 


DETAILED DESCRIPTION 


The Am9513A System Timing Controller (STC) is a support 
device for processor oriented systems that is designed to 
enhance the available capability with respect to counting and 
timing operations. It provides the capability for programmable 
frequency synthesis, high resolution programmable duty cycle 
waveforms, retriggerable digital timing functions, time-of-day 
clocking, coincidence alarms, complex pulse generation, high 
resolution baud rate generation, frequency shift keying, stop- 
watching timing, event count accumulation, waveform analysis 
and many more. A variety of programmable operating modes 
and control features allow the Am9513A to be personalized for 
particular applications as well as dynamically reconfigured 
under program control. 


The STC includes five general-purpose 16-bit counters. A 
variety of internal frequency sources and external pins may be 
selected as inputs for individual counters with software select- 
able active-high or active-low input polarity. Both hardware 
and software gating of each counter is available. Three-state 
outputs for each counter provide either pulses or levels. The 
counters can be programmed to count up or down in either 
binary or BCD. The accumulated count may be read without 
disturbing the counting process. Any of the counters may be 
internally concatenated to form an effective counter length of 
up to 80 bits. 


The Am9513A block diagrams indicate the interface signals 
and the basic flow of information. Internal control lines and the 
internal data bus have been omitted. The control and data 
registers are all connected to a common internal 16-bit bus. 
The external bus may be 8- or 16-bits wide; in the 8-bit mode, 
the internal 16-bit information is multiplexed to the low order 
data bus pins DBO through DB7. 


An internal oscillator provides a convenient source of frequen- 
cies for use as counter inputs. The oscillator's frequency is 
controlled at the X1 and X2 interface pins by an external 
reactive network such as a crystal. The oscillator output is 
divided by the Frequency Scaler to provide several sub- 
frequencies. One of the scaled frequencies (or one of ten input 
signals) may be selected as an input to the FOUT divider and 
then comes out of the chip at the FOUT interface pin. 


The STC is addressed by the external system as two 
locations: a Control port and a Data port. The Control port 
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Figure 1-5. Counter Logic Groups 1 and 2 
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provides direct access to the Status and Command registers, 
as well as allowing the user to update the Data Pointer 
register. The Data port is used to communicate with all other 
addressable internal locations. The Data Pointer register 
controls the Data port addressing. 


Among the registers accessible through the Data port are the 
Master Mode register and five Counter Mode registers, one for 
each counter. The Master Mode register controls the program- 
mable options that are not controlled by the Counter Mode 
registers. 


Each of the five general-purpose counters is 16-bits long and 
is independently controlled by its Counter Mode register. 
Through this register, a user can software select one of 16 
sources as the counter input, a variety of gating and repetition 
modes, up or down counting in binary or BCD and active-high 
or active-low input and output polarities. 


Associated with each counter are a Load register and a Hold 
register, both accessible through the Data port. The Load 
register is used to automatically reload the counter to any 
predefined value, thus controlling the effective count period. 
The Hold register is used to save count values without 
disturbing the count process, permitting the host processor to 
read intermediate counts. In addition, the Hold register may be 
used as a second Load register to generate a number of 
complex output waveforms. 


All five counters have the same basic control logic and control 
registers. Counters 1 and 2 have additional Alarm registers 
and comparators associated with them, plus the extra logic 
necessary for operating in a 24-hour time-of-day mode. For 
real-time operation, the time-of-day logic will accept 50Hz, 
60Hz or 100Hz input frequencies. 


Each general counter has a single dedicated output pin. It may 
be turned off when the output is not of interest or may be 
configured in a variety of ways to drive interrupt controllers, 
Darlington buffers, bus drivers, etc. The counter inputs, on the 
other hand, are specifically not dedicated to any given 
interface line. Considerable versatility is available for configur- 
ing both the input and the gating of individual counters. This 
not only permits dynamic reassignment of inputs under soft- 
ware control, but also allows multiple counters to use a single 
input and a single gate pin to control more than one counter. 
Indeed, a single pin can be the gate for one counter and, at 
the same time, the count source for another. 
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Figure 1-6. Counter Logic Groups 3, 4 and 5 
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A powerful command structure simplifies user interaction with 
the counters. A counter must be armed by one of the ARM 
commands before counting can commence. Once armed, the 
counting process may be further enabled or disabled using the 
hardware gating facilities. The ARM and DISARM commands 
permit software gating of the count process in some modes. 


The LOAD command causes the counter to be reloaded with 
the value in either the associated Load register or the 
associated Hold register. It will often be used as a software 
retrigger or as counter initialization prior to active hardware 
gating. 


The DISARM command disables further counting independent 
of any hardware gating. A disarmed counter may be reloaded 
using the LOAD command, may be incremented or decrem- 
ented using the STEP command and may be read using the 
SAVE command. A count process may be resumed using an 
ARM command. 


The SAVE command transfers the contents of a counter to its 
associated Hold register. This command will overwrite any 
previous Hold register contents. The SAVE command is 
designed to allow an accumulated count to be preserved so 
that it can be read by the host CPU at some later time. 


Two combinations of the basic commands exist to either 
LOAD AND ARM or to DISARM AND SAVE any combination 
of counters. Additional commands are provided to: step an 
individual counter by one count; set and clear an output 
toggle; issue a software reset; clear and set special bits in the 
Master Mode register; and load the Data Pointer register. 


Note: Separate LOAD and ARM commands should be used 
for asynchronous operations. 


Power Supply 


The Am9513A requires only a single 5V power supply. 
Maximum supply currents are specified in the electrical 
specification at the high end of the voltage tolerance and the 
low end of the temperature range. In addition, the current 
specifications take into account the worstcase distribution of 
processing parameters that may be encountered during the 
manufacturing life of the product. Typical supply current 
values, on the other hand, are specified at a nominal +5.0 
volts, a nominal ambient temperature of 25°C, and nominal 
processing parameters. Supply current always decreases with 
increasing ambient temperature: thermal run-away is not a 
problem. 


Supply current will vary somewhat from part to part, but a 
given unit at a given operating temperature will exhibit a nearly 
constant power drain. There is no functional operating region 
that will cause more than a few percent change in the supply 
current. Decoupling of VCC, then, is straightforward and will 
generally be used to isolate the Am9513A from VCC noise 
originating externally 


CONTROL PORT REGISTERS 


The STC is addressed by the external system as only two 
locations: a Control port and a Data port. Transfers at the 
Control! port (C/D = HIGH) allow direct access to the Com- 
mand register when writing and the Status register when 
reading. All other available internal locations are accessed for 
both reading and writing via the Data port (C/D = LOW). Data 
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port transfers are executed to and from the location currently 
addressed by the Data Pointer register. Options available in 
the Master Mode register and the Data Pointer control 
structure allow several types of transfer sequencing to be 
used. See Figure 1-7.- 


Transfers to and from the Control port are always 8-bits wide. 
Each access to the Control port will transfer data between the 
Command register (writes) or Status register (reads) and Data 
Bus pins DB0O-DB7, regardless of whether the Am9513A is in 
8- or 16-bit bus mode. When the Am9513A is in 8-bus mode, 
Data Bus pins DB13-DB15 should be held at a logic high 
whenever CS and WR are both active. 


Command Register 


The Command register provides direct control over each of 
the five general counters and controls access through the 
Data port by allowing the user to update the Data Pointer 
register. The "Command Description" section of this data 
sheet explains the detailed operation of each command. A 
summary of all commands appears in Figure 1-20. Six of the 
command types are used for direct software contro! of the 
counting process. Each of these six commands contains a 5- 
bit S field. In a linear-select fashion, each bit in the S field 
corresponds to one of the five general counters (S1 = Counter 
1, S2 = Counter 2, etc.). When an S bit is a one, the specified 
operation is performed on the counter so designated; when an 
S bit is a zero, no operation occurs for the corresponding 
counter. 


Data Pointer Register 


The 6-bit Data Pointer register is loaded by issuing the 
appropriate command through the Control port to the Com- 
mand register. As shown in Figure 1-7, the contents of the 
Data Pointer register are used to control the Data port 
multiplexer, selecting which internal register is to be accessi- 
ble through the Data port. 


The Data Pointer consists of a 3-bit Group Pointer, a 2-bit 
Element Pointer and a 1-bit Byte Pointer, depicted in Figure 1- 
8. The Byte Pointer bit indicates which byte of a 16-bit register 
is to be transferred on the next access through the Data port. 
Whenever the Data Pointer is loaded, the Byte Pointer bit is 
set to one, indicating a least-significant byte is expected. The 
Byte Pointer toggles following each 8-bit data transfer with an 
8-bit data bus (MM13 = 0), or it always remains set with the 
16-bit data bus option (MM13 = 1). The Element and Group 
pointers are used to select which internal register is to be 
accessible through the Data port. Although the contents of the 
Element and Group Pointer in the Data Pointer register cannot 
be read by the host processor, the Byte Pointer is available as 
a bit in the Status register. 


Random access to any available internal data location can be 
accomplished by simply loading the Data Pointer using the 
command shown in Figure 1-9 and then initiating a data read 
or data write. This procedure can be used at any time, 
regardless of the setting of the Data Pointer Control bit 
(MM14). When the 8-bit data bus configuration is being used 
(MM13 = 0), two bytes of data would normally be transferred 
following the issuing of the "Load Data Pointer'’ command. 


To permit the host processor to rapidly access the various 
internal registers, automatic sequencing of the Data Pointer is 
provided. 
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COMMANO OATA POINTER 
CONTROL REGISTER REGISTER 
PORT 
STATUS 
: REGISTER 
OATA 
BUS 


MULTIPLEXER 
GROUP AND ELEMENT 


AOORESS 
COUNTER 1 MOOE REGISTER 


PREFETCH 
- LATCH he COUNTER 1 LOAO REGISTER 


8/16 COUNTER 1 HOLD REGISTER 


| counTERS 2, 3, 4, 5 MODE. 
\ LOAD AND HOLD REGISTERS 


MASTER MODE REGISTER 
COUNTER 1 ALARM REGISTER 
COUNTER 2 ALARM REGISTER 
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DATA BUS 


Figure 1-7. Am9513A Register Access 


coe [[eT=T«[=[=[*[= 
Register 


Data Pointer 
Register 


Byte Pointer 


1 = Least Significant Byte Transferred Next 
0 = Most Significant Byte Transferred Next 


Element Pointer Group Pointer 


: 000 = Illegal 
00 = Mode Register 
01 = Load Register Element Cycle Increment 001 = Counter Group 1 
10 = Hold Register 010 = Counter Group 2 
? 011 = Counter Group 3 
11 = Hold Register (Hold Cycle increment 
alert 2 ) 100 = Counter Group 4 


00 = Alarm Register 1 101 = Counter Group 5 
01 = Alarm Register 2 Control Cycle Increment 110 = Ilegal 


10 = Master Mode Reg. 111 = Contro! Group 
11 = Status Register (No Increment) 
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Figure 1-8. Data Pointer Register 
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Mode Load Hold Hold 
Register | Register | Register | Register 


Counter 1 
Counter 2 
Counter 3 
Counter 4 
Counter 5 


Master Mode Register = FF17 
Alarm 1 Register = FFO7 
Alarm 2 Register = FFOF 
Status Register = FF1F 












Notes: 

1. All codes are in hex. 

2. When used with an 8-bit bus, only the two low order hex 
digits should be written to the command port; the 'FF' prefix 
should be used only for a 16-bit data bus interface. 


Figure 1-9. Load Data Pointer Commands 


Sequencing is enabled by clearing Master Mode bit 14 (MM14) 
to zero. As shown in Figure 1-10 several types of sequencing 
are available depending on the data bus width being used and 
the initial Data Pointer value entered by command. 


When E1 = 0 or E2=0 and G4, G2, G1 points to|a Counter 
Group, the Data Pointer will proceed through the Element 
cycle. The Element field will automatically sequence through 
the three values 00, 01 and 10 starting with the value entered. 
When the transition from 10 to 00 occurs, the Group field will 
also be incremented by one. Note that the Element field in this 
case does not sequence to a value of 11. The Group field 
circulates only within the five Counter Group codes. 


If E2, E1 = 11 and a Counter Group are selected, then only the 
Group field is sequenced. This is the Hold cycle. It allows the 
Hold registers to be sequentially accessed while bypassing 
the Mode and Load registers. The third type of sequencing is 
the Control cycle. If G4, G2, G1 = 111 and E2, E1 #11, the 
Element Pointer will be incremented through the values 00, 01 
and 10, with no change to the Group Pointer. 


When G4, G2, G1=111 and E2, E1 = 11, no incrementing 
takes place and only the Status register will be available 
through the Data port. Note that the Status register can also 
always be read directly through the Control port. 


For all these auto-sequencing modes, if an 8-bit data bus is 
used, the Byte pointer will toggle after every data transfer to 
allow the least and most significant bytes to be transferred 
before the Element or Group fields are incremented. 


Prefetch Circuit 


To minimize the read access time to internal Am9513A 
registers, a prefetch circuit is used for all read operations 
through the Data port. Following each read or write operation 
through the Data port, the Data Pointer register is updated to 
point to the next register to be accessed. Immediately 
following this update, the new register data is transferred to a 
special prefetch latch at the interface pad logic. When the user 
performs a subsequent read of the Data port, the data bus 
drivers are enabled, outputting the prefetched data on the bus. 
Since the internal data register is accessed prior to the start of 
the read operation, its access time is transparent to the user. 
To keep the prefetched data consistent with the Data Pointer, 
prefetches are also performed after each write to the Data 
port and after execution of the ''Load Data Pointer’' com- 


mand. The following rules should be kept in mind regarding 
Data port Transfers. 








Counter 1 Hold Reg. Counter 1 Mode Reg. 


Counter 1 Load Reg. 


Counter 1 Hold Reg. 


Counter 2 Mode Reg. 


Counter 2 Load Reg. 


Counter 2 Hold Reg. 


— 


Counter 2 Hold Reg. 


— 


Counter 5 Hold Reg. 


HOLD CYCLE 







Counter 5 Hold Reg. 
Alarm Reg. 1 





{ ELEMENT CYCLE 
Alarm Reg. 2 


Master Mode Reg. Status Reg. 
CONTROL GROUP CYCLE STATUS CYCLE 
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Figure 1-10. Data Pointer Sequencing 


1. The Data Pointer register should always be reloaded before 
reading from the Data port if a command, other than ''Load 
Data Pointer,"’ was issued to the Am9513A following the 
last Data port read or write. The Data Pointer does not have 
to be loaded again if the first Data port transaction after a 
command entry is a write, since the Data port write will 
automatically cause a new prefetch to occur. 


2. Operating modes N, O, Q, R and X allow the user to save 
the counter contents in the Hold register by applying an 
active-going gate edge. If the Data Pointer register had 
been pointing to the Hold register in question, the pre- 
fetched value will not correspond to the new value saved in 
the Hold Register. To avoid reading an incorrect value, a 
new "Load Data Pointer’ command should be issued 
before attempting to read the saved data. A Data port write 
(to another register) will also initiate a prefetch; subsequent 
reads will access the recently saved Hold register data. 
Many systems will use the ''saving'’ gate edge to interrupt 
the host CPU. In systems such as this, the interrupt service 
routine should issue a ''Load Data Pointer'’ command prior 
to reading the saved data. 


Status Register 


The 8-bit read-only Status register indicates the state of the 
Byte Pointer bit in the Data Pointer register and the state of the 
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OUT signal for each of the general counters. See Figures 1-11 
and 1-18. The OUT signals reported are those internal to the 
chip after the polarity-select logic and just before the 3-state 
interface buffer circuitry. Bits SR6 and SR7 may be 0 or 1. 


The Status register OUT bit reflects an active-high or active- 
low TC output, or a TC Toggled output, as programmed in the 
Output Control Field of the Counter Mode register. That is, it 
reflects the exact state of the OUT pin. When the low- 
impedance to Ground Output option (CM2-CMO = 000) is 
selected, the Status register will reflect an active-high TC 
Output. When a high-impedance Output option (CM2- 
CMO = 100) is selected, the Status register will reflect an 
active-low TC output. 


For Counters 1 and 2, the OUT pin will reflect the comparator 
output if the comparators are enabled. The Status register bit 
and OUT pin are active-high if CM2=0 and active-low if 
CM2 = 1. When the high-impedance option is selected and 
the comparator is enabled, the status register bit will reflect an 
active-high comparator output. When the low-impedance to 
Ground option is selected and the comparator is enabled, the 
Status register bit will reflect an active-low comparator output. 


The Status register is normally accessed by reading the 
Control port (see Figure 1-7) but may also be read via the Data 
port as part of the Contro! Group. 


BYTE 
POINTER 
OUT 1 





OUT 3 
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Figure 1-11. Status Register Bit Assignments 


DATA PORT REGISTERS 
Counter Logic Groups 


As shown in Figures 1-5 and 1-6, each of the five Counter 
Logic Groups consists of a 16-bit general counter with 
associated control and output logic, a 16-bit Load register, a 
16-bit Hold register and a 16-bit Mode register. In addition, 
Counter Groups 1 and 2 also include 16-bit Comparators and 
16-bit Alarm registers. The comparator/alarm functions are 
controlled by the Master Mode register. The operation of the 
Counter Mode registers is the same for all five counters. The 
host CPU has both read and write access to all registers in the 
Counter Logic Groups through the Data port. The counter 
itself is never directly accessed. 


Load Register 


The 16-bit read/write Load register is used to control the 
effective length of the general counter. Any 16-bit value may 
be written into the Load register. That value can then be 
transferred into the counter each time the Terminal Count (TC) 
occurs. "Terminal Count" is defined as that period of time 
when the counter contents would have been zero if an 
external value had not been transferred into the counter. Thus, 
the terminal count frequency can be the input frequency 
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divided by the value in the Load register. In all operating 
modes, either the Load or Hold register will be transferred into 
the counter when TC occurs. In cases where values are being 
accumulated in the counter, the Load register action can 
become transparent by filling the Load register with all zeros. 


Hold Register 


The 16-bit read/write Hold register is dual-purpose. It can be 
used in the same way as the Load register, thus offering an 
alternate source for module definition for the counter. The 
Hold register may also be used to store accumulated counter 
values for later transfer to the host processor. This allows the 
count to be sampled while the counting process proceeds 
without interruption. Transfer of the counter contents into the 
Hold register is accomplished by the hardware interface in 
some operating modes or by software commands at any time. 


Counter Mode Register 


The 16-bit read/write Counter Mode register controls the 
gating, counting, output and source select functions within 
each Counter Logic Group. The ''Counter Mode Control . 
Options" section of this document describes the detailed 
control options available. Figure 1-17 shows the bit assign- 
ments for the Counter Mode registers. 


Alarm Registers and Comparators 


Added functions are available in the Counter Logic Groups for 
Counters 1 and 2 (see Figure 1-5). Each contains a 16-bit 
Alarm register and a 16-bit Comparator. When the value in the 
counter reaches the value in the Alarm register, the Compara- 
tor output will go true. The Master Mode register contains 
control bits to individually enable/disable the comparators. 
When enabled, the comparator output appears on the OUT pin 
of the associated counter in place of the normal counter 
output. The output will remain true as long as the comparison 
is true, that is, until the next input causes the count to change. 
The polarity of the Comparator output will be active-high if the 
Output Control field of the Counter Mode register is 001 or 010 
and active-low if the Output Control field is 101. 


MASTER MODE CONTROL OPTIONS 


The 16-bit Master Mode (MM) register is used to contro! those 
internal activities that are not controlled by the individual 
Counter Mode registers. This includes frequency control, 
Time-of-Day operation, comparator controls, data bus width 
and data pointer sequencing. Figure 1-12 shows the bit 
assignments for the Master Mode register. This section 
describes the use of each control field. 


Master Mode register bits MM12, MM13 and MM14 can be 
individually set and reset using commands issued to the 
Command register. In addition, they can all be changed by 
writing directly to the Master Mode register. 


After power-on reset or a Master Reset command, the Master 
Mode register is cleared to an all zero condition. This results in 
the following configuration: 


Time-of-Day disabled 

Both Comparators disabled 

FOUT Source is frequency F1 
FOUT Divider set for divide-by-16 
FOUT gated on 

Data Bus 8 bits wide 

Data Pointer Sequencing enabled 
Frequency Scaler divides in binary 





FOUT Divider 


0000 = Divide by 16 
0001 = Divide by 1 
0010 = Divide by 2 
0011 = Divide by 3 
0100 = Divide by 4 
0101 = Divide by § 
0110 = Divide by 6 
0111 = Divide by 7 
1000 = Divide by 8 
1001 = Divide by 9 
4010 = Divide by 10 
1011 = Divide by 11 
1100 = Divide by 12 
1101 = Divide by 13 
1110 = Divide by 14 
1111 = Divide by 15 





FOUT Source 
0000 = E1 
0001 = SRC 1 
0010 = SRC2 
0011 = SRC3 
0100 = SRC 4 
0101 = SRC5 
0110 = GATE 1 
0111 = GATE 2 
1000 = GATE 3 
1001 = GATE 4 
1010 = GATE 5 
1011 = F1 
1100 = F2 
1101 = F3 
1110 = F4 
1111 = F5 





FOUT Gate 

0 = FOUT On 

1 = FOUT Off (Low Z to GND) 
Data Bus Width 

0 = 8-Bit Bus 

1 =16-Bit Bus 
Data Pointer Control 


= Enable Increment 
1 = Disable increment 
Scaler Contro! 
0 = Binary Division 
1 = BCD Division 


Compare 2 Enable 
0 = Disabled 
1 = Enabled 


Compare 1 Enable 
0 = Disabled 
1 = Enabled 

Time-of-Day Mode 
00 = TOD Disabled 
01 = TOD Enabled; + 5 Input 
10 = TOD Enabled; + 6 Input 
1 TOD Enabled; + 10 Input 


hrne 
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Figure 1-12. Master Mode Register Bit Assignments 


Time-of-Day 


Bits MMO and MM1 of the Master Mode register specify the 
Time-of-Day (TOD) options. When MMO = 0 and MM1 = 0, the 
special logic used to implement TOD is disabled, and Count- 
ers 1 and 2 will operate in exactly the same way as Counters 
3, 4 and 5. When MMO = 1 or MM1 = 1, additional counter 
decoding and control logic is enabled on Counters 1 and 2, 
which causes their decades to turn over at the counts that 
generate appropriate 24-hour TOD accumulations. For addi- 
tional information, see the Time-of-Day chapter in the 9513A 
System timing controller technical manual. 


Comparator Enable 


Bits MM2 and MMS control the Comparators associated with 
Counters 1 and 2. When a Comparator is enabled, its output is 
substituted for the normal counter output on the associated 
OUT1 or OUT2 pin. The comparator output will be active-high 
if the output control field of the Counter Mode register is 001 
or 010 and active-low for a code of 101. Once the compare 
output is true, it will remain so until the count changes and the 
comparison therefore goes false. 


The two Comparators can always be used individually in any 
operating mode. One special case occurs when the Time-of- 
Day option is revoked and both Comparators are enabled. The 
operation of Comparator 2 will then be conditioned by 
Comparator 1 so that a full 32-bit compare must be true in 
order to generate a true signal on OUT2. OUT1 will continue, 
as usual, to reflect the state of the 16-bit comparison between 
Alarm 1 and Counter 1. 
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FOUT Source 


Master Mode bits MM4 through MM7 specify the source input 
for the FOUT divider. Fifteen inputs are available for selection, 
and they include the five Source pins, the five Gate pins and 
the five internal frequencies derived from the oscillator. The 
16th combination of the four control bits (all zeros) is used to 
assure that an active frequency is available at the input to the 
FOUT divider following reset. 


FOUT Divider 


Bits MM8 through MM11 specify the dividing ratio for the 
FOUT Divider. The FOUT source (selected by bits MM4 
through MM7) is divided by an integer value between 1 and 16, 
inclusive, and is then passed to the FOUT output buffer. After 
power-on or reset, the FOUT divider is set to divide-by-16. 


FOUT Gate 


Master Mode bit MM12 provides a software gating capability 
for the FOUT signal. When MM12 = 1, FOUT is off and in a 
low-impedance state to ground. MM12 may be set or cleared 
in conjunction with the loading of the other bits in the Master 
Mode register; alternatively, there are commands that allow 
MM12 to be individually set or cleared directly without chang- 
ing any other Master Mode bits. After power-up or reset, FOUT 
is gated on. 


When changing the FOUT divider ratio or FOUT source, 
transient pulses as short as half the period of the FOUT 
source may appear on the FOUT pin. Turning the FOUT gate 
on or off can also generate a transient. This should be 
considered when using FOUT as a system clock source. 
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Bus Width 


Bit MM13 controls the multiplexer at the data bus interface in 
order to configure the part for an 8-bit or 16-bit externa! bus. 
The internal bus is always 16-bits wide. When MM13 = 1, 16- 
bit data is transferred directly between the internal bus and all 
16 of the external bus lines. In this configuration, the Byte 
Pointer bit in the Data Pointer register remains set at all times. 
When MM13 = 0, 16-bit internal data is transferred a byte ata 
time to and from the eight low-order external data bus lines. 
The Byte Pointer bit toggles with each byte transfer in this 
mode. 


When the Am9513A is set to operate with an 8-bit data bus 
width, pins DB8 through DB15 are not used for the data bus 
and are available for other functions. Pins DB13 through DB15 
should be tied high. Pins DB8 through DB12 are used as 
auxiliary gating inputs and are labeled GATE1A through 
GATESA respectively. The auxiliary gate pin, GATENA, is 
logically ANDed with the gate input to Counter N, as shown in 
Figure 1-13. The output of the AND gate is then used as the 
gating signal for Counter N. 


Data Pointer Sequencing 


Bit MM14 controls the Data Pointer logic to enable or disable 
the automatic sequencing functions. When MM14 = 1, the 
contents of the Data Pointer can be changed only directly by 
entering a command. When MM14=0, several types of 
automatic sequencing of the Data Pointer are available. These 
are described in the Data Pointer register section of this 
document. 


COUNTER MODE 
REGISTER 


TCN-1 
GATE INPUT 
GATEN—1 MULTIPLEXER 
GATEN AND POLARITY 
SELECT LOGIC 
GATEN45 


COUNTER 
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GATENIA 


Figure 1-13. Gating Control 


Thus, the host processor, by controlling MM14, may repetitive- 
ly read/write a single internal location, or may sequentially 
read/write groups of locations. Bit MM14 can be loaded by 
writing to the Master Mode register or can be set or cleared by 
software command. 


Scaler Ratios 


Master Mode bit MM15 controls the counting configuration of 
the Frequency Scaler counter. When MM15 = 0, the Scaler 
divides the oscillator frequency in binary steps so that each 
subfrequency is 1/16 of the preceding frequency. When 
MM15 = 1, the Scaler divides in BCD steps so that adjacent 
frequencies are related by ratios of 10 instead of 16 (see 
Figure 1-14). 





FREQUENCY SCALER 
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BCD Binary 
Scaling Scaling 
MM15 = 1 MM15 =0 


osc OSC 
2540 F1 + 16 
+ 100 F1 + 256 
+ 1,000 Fi = 4,096 
~ 10,000 F1 -+ 65,536 


Frequency 


Figure 1-14. Frequency Scaler Ratios 
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Start count on active gate edge and stop count on 
next TC 
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Reload counter on each TC, alternating reload 
source between Load and Hold registers 
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Reload counter on each TC, alternating reload 
source between Load and Hold registers. 


Transfer Load register into counter on each TC that 

gate is LOW, transfer Hold register into counter on X xX 

each TC that gate is HIGH. 

qewacnvemovee( [te {fete { TT TT 
PS i FSS ee ee a a) 


register and then reload counter from Load register 
Notes: 1. Counter modes M, P, T, U and W are reserved and should not be used. 
2. Mode X is available for Am9513A only. 


On active gate edge transfer counter into Hold 
register, but counting continues 


Figure 1-15 Counter Mode Operating Summary 


the ARM command is omitted. The retriggering modes (N, O, 
Q and R) are shown with one retrigger operation. Both a TC 
output waveform and a TC Toggled output waveform are 
shown for each mode. The symbols L and H are used to 
represent count values equal to the Load and Hold register 
contents, respectively. The symbols K and N represent 


COUNTER MODE DESCRIPTIONS 


Counter Mode register bits CM15-CM13 and CM7-CM5 select 
the operating mode for each counter (see Figure 1-15). To 
simplify references to a particular mode, each mode is 
assigned a letter from A through X. Representative waveforms 


for the counter modes are illustrated in Figures 1-16a through 
1-16v. (Because the letter suffix in the figure number is keyed 
to the mode, Figures 1-16m, 1-16p, 1-16t, 1-16u and 1-16w do 
not exist.) The figures assume down counting on rising source 
edges. Those modes which automatically disarm the counter 
(CM5 = 0) are shown with the WR plus entering the required 
ARM command; for modes which count repetitively (CM5 = 1), 
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arbitrary count values. For each mode, the required bit pattern 
in the Counter Mode register is shown; ''don't care" bits are 
marked ''X.'' These figures are designed to clarify the mode 
descriptions; the Am9513A Electrical Specification should be 
used as the authoritative reference for timing relationships 
between signals. 


Am9513A 


To keep the following mode descriptions concise and to the 
point, the phrase ''source edges" is used to refer to active- 
going source edges only, not to inactive-going edges. Similar- 
ly, the phrase "'gate edges" refers only to active-going gate 
edges. Also, again to avoid verbosity and euphuism, the 
descriptions of some modes state that a counter is stopped or 
disarmed ''on a TC, inhibiting further counting.” As is fully 
explained in the TC section of this document, for these modes 
the counter is actually stopped or disarmed following the 
active-going source edge which drives the counter out of TC. 
In other words, since a counter in the TC state always counts, 
irrespective of its gating or arming status, the stopping or 
disarming of the count sequence is delayed until TC is 
terminated. 













MODE A 





Software-Triggered Strobe with No Hardware 
Gating 
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Mode A, shown in Figure 1-16a, is one of the simplest 
operating modes. The counter will be available for counting 
source edges when it is issued an ARM command. On each 
TC, the counter will reload from the Load register and 
automatically disarm itself, inhibiting further counting. Counting 
will resume when a new ARM command is issued. 


MODE B 
Software-Triggered Strobe with Level Gating 
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Mode B, shown in Figure 1-16b, is identical to Mode A except 
that source edges are counted only when the assigned Gate is 
active. The counter must be armed before counting can occur. 
Once armed, the counter will count all source edges which 
occur while the Gate is active and disregard those edges 
which occur while the Gate is inactive. This permits the Gate 
to turn the count process on and off. On each TC the counter 
will reload from the Load register and automatically disarm 
itself, inhibiting further counting unitl a new ARM command is 
issued. 
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Figure 1-16b. Mode B Waveforms 





MODE C armed counter. The counter must be armed before application 
of the triggered Gate edge; Gate edges applied to a disarmed 
Hardware-Triggered Strobe counter are disregarded. The counter will start counting on the 


first source edge after the triggering Gate edge and will 
continue counting until TC. At TC, the counter will reload from 


EDGE the Load register and automatically disarm itself. Counting will 
then remain inhibited until a new ARM command and a new 


Gate edge are applied in that order. Note that after application 
of a triggered Gate edge, the Gate input will be disregarded for 
| o | o | o | x | x | x] x {x | the remainder of the count cycle. This differs from Mode B, 


where the Gate can be modulated throughout the count cycle 
Mode C, shown in Figure 1-16c, is identical to Mode A, except to stop and start the counter. 
that counting will not begin until a Gate edge is applied to the 
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Figure 1-16c. Mode C Waveforms 
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MODE D 
Rate Generator with No Hardware Gating 
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Mode D, shown in Figure 1-16d, is typically used in frequency 
generation applications. In this mode, the Gate input does not 
affect counter operation. Once armed, the counter will count 
to TC repetitively. On each TC, the counter will reload itself 
from the Load register; hence, the Load register value 
determines the time between TCs. A square wave rate 
generator may be obtained by specifying the TC Toggled 
output mode in the Counter Mode register. 


MODE E 
Rate Generator with Level Gating 
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Mode E, shown in Figure 1-16e, is identical to Mode D, except 
the counter will only count those source edges which occur 
while the Gate input is active. This feature allows the counting 
process to be enabled and disabled under hardware control. A 
square wave rate generator may be obtained by specifying the 
TC Toggled output mode. 





ir PLPPISPL PPL 


COUNT 


YX DENS 


TC OUTPUT ee ee ee eer a eee 
TC TOGGLED 
OUTPUT 


WF004620 


Figure 1-16d. Mode D Waveforms 
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Figure 1-16e. Mode E Waveforms 
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MODE F 
Non-Retriggerable One-Shot 
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Mode F, shown in Figure 1-16f, provides a non-retriggerable 
one-shot timing function. The counter must be armed before it 
will function. Application of a Gate edge to the armed counter 
will enable counting. When the counter reaches TC, it will 
reload itself from the Load register. The counter will then stop 
counting, awaiting a new Gate edge. Note that unlike Mode C, 
anew ARM command is not needed after TC, only a new Gate 
edge. After application of a triggering Gate edge, the Gate 
input is disregarded until TC. 












MODE G 
Software-Triggered Delayed Pulse One-Shot 
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In Mode G, the Gate does not affect the counter's operation. 
Once armed, the counter will count to TC twice and then 
automatically disarm itself. For most applications, the counter 
will initially be loaded from the Load register either by a LOAD 
command or by the last TC of an earlier timing cycle. Upon 
counting to the first TC, the counter will reload itself from the 
Hold register. Counting will proceed until the second TC, when 
the counter will reload itself from the Load register and 
automatically disarm itself, inhibiting further counting. Counting 
can be resumed by issuing a new ARM command. A software- 
triggered delayed pulse one-shot may be generated by speci- 
fying the TC Toggled output mode in the Counter Mode 
register. The initial counter contents control the delay from the 
ARM command until the output pulse starts. The Hold register 
contents control the pulse duration. Mode G is shown in Figure 
1-16g. 
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Figure 1-16f. Mode F Waveforms 
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Figure 1-169. Mode G Waveforms 


MODE H 


Software-Triggered Delayed Pulse One-Shot 
with Hardware Gating 
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Mode H, shown in Figure 1-16h, is identical to Mode G except 
that the Gate input is used to qualify which source edges are 
to be counted. The counter must be armed for counting to 
occur. Once armed, the counter will count all source edges 
that occur while the Gate is inactive. This permits the Gate to 
turn the count process on and off. As with Mode G, the 
counter will be reloaded from the Hold register on the first TC 
and reloaded from the Load register and disarmed on the 
second TC. This mode allows the Gate to control the 
extension of both the initial output delay time and the pulse 
width. 


MODE | 
Hardware-Triggered Delayed Pulse Strobe 
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Mode I, shown in Figure 1-16i, is identical to Mode G, except 
that counting will not begin until a Gate edge is applied to an 
armed counter. The counter must be armed before application 
of the triggering Gate edge; Gate edges applied to a disarmed 
counter are disregarded. An armed counter will start counting 
on the first source edge after the triggering Gate edge. 
Counting will then proceed in the same manner as in Mode G. 
After the second TC, the counter will disarm itself. An ARM 
command and Gate edge must be issued in this order to 
restart counting. Note that after application of a triggering 
Gate edge, the Gate input will be disregarded until the second 
TC. This differs from Mode H, where the Gate can be 
modulated throughout the count cycle to stop and start the 
counter. 
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Figure 1-16h. Mode H Waveforms 
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Figure 1-16i. Mode | Waveforms 


MODE J 


Variable Duty Cycle Rate Generator with No 
Hardware Gating 
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Mode J, shown in Figure 1-16i, will find the greatest usage in 
frequency generation applications with variable duty cycle 
requirements. Once armed, the counter will count continuously 
until it is issued a DISARM command. On the first TC, the 
counter will be reloaded from the Hold register. Counting will 
then proceed until the second TC at which time the counter 
will be reloaded from the Load register. Counting will continue, 
with the reload source alternating on each TC, until a DISARM 
command is issued to the counter. (The third TC reloads from 
the Hold register, the fourth TC reloads from the Load register, 
etc.) A variable duty cycle output can be generated by 
specifying the TC Toggled output in the Counter Mode 
register. The Load and Hold values then directly control the 
output duty cycle, with high resolution available when relatively 
high count values are used. 



















MODE K 


Variable Duty Cycle Rate Generator with Level 
Gating 


aN a 


Mode K, shown in Figure 1-16k, is identical to Mode J, except 
that source edges are only counted when the Gate is active. 
The counter must be armed for counting to occur. Once 
armed, the counter will count all source edges which occur 
while Gate is active and disregard those source edges which 
occur while the Gate is inactive. This permits the Gate to turn 
the count process on and off. As with Mode J, the reload 
source used will alternate on each TC, starting with the Hold 
register on the first TC after any ARM command. When the TC 
Toggled output is used, this mode allows the Gate to modulate 
the duty cycle of the output waveform. It can affect both the 
HIGH and LOW portions of the output waveform. 
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Figure 1-16j. Mode J Waveforms 
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Figure 1-16k. Mode K Waveforms 


MODE L 


Hardware-Triggered Delayed Pulse One-Shot 
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Mode L, shown in Figure 1-16l, is similar to Mode J except that 
counting will not begin until a Gate edge is applied to an armed 
counter. The counter must be armed before application of the 
triggering Gate edge; Gate edges applied to a disarmed 
counter are disregarded. The counter will start counting 
source edges after the triggering Gate edge, and counting will 
proceed until the second TC. Note that after application of a 
triggering Gate edge, the Gate input will be disregarded for the 
remainder of the count cycle. This differs from Mode K, where 
the gate can be modulated throughout the count cycle to stop 
and start the counter. On the first TC after application of the 
triggering Gate edge, the counter will be reloaded from the 
Hold register. On the second TC, the counter will be reloaded 
from the Load register, and counting will stop until a new gate 
edge is issued to the counter. Note that unlike Mode K, new 
Gate edges are required after every second TC to continue 
counting. 



















MODE N 


Software-Triggered Strobe with Level Gating 
and Hardware Retriggering 
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Mode N, shown in Figure 1-16n, provides a software-triggered 
strobe with level gating that is also hardware retriggerable. 
The counter must be issued an ARM command before 
counting can occur. Once armed, the counter will count all 
source edges which occur while the gate is active and 
disregard those source edges which occur while the Gate is 
inactive. This permits the Gate to turn the count process on 
and off. After the issuance of the ARM command and the 
application of an active Gate, the counter will count to TC. 
Upon reaching TC, the counter will reload from the Load 
register and automatically disarm itself, inhibiting further count- 
ing. Counting will resume upon the issuance of a new ARM 
command. All active-going Gate edges issued to an armed 
counter will cause a retrigger operation. Upon application of 
the Gate edge, the counter contents will be saved in the Hold 
register. On the first qualified source edge after application of 
the retriggering gate edge, the contents of the Load register 
will be transferred into the counter. Counting will resume on 
the second qualified source edge after the retriggering Gate 
edge. Qualified source edges are active-going edges which 
occur while the Gate is active. 
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Figure 1-161. Mode L Waveforms 
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Figure 1-16n. Mode N Waveforms 





MODE O modulate counting. The counter must be armed before appli- 
| cation of the triggering Gate edge; Gate edges applied to a 
Software-Triggered Strobe with Edge Gating disarmed counter are disregarded. Irrespective of the Gate 
and Hardware Retriggering level, the counter will count all source edges after the 


triggering Gate edge until the first TC. On the first TC,the 
counter will be reloaded from the Load register and disarmed. 
A new ARM command and a new.Gate edge must be applied 
in that order to initiate a new counting cycle. Unlike Modes C, 
F, | and L, which disregard the Gate input once counting starts, 
in Mode O the count process will be retriggered on all active- 
going Gate edges, including the first Gate edge used to start 
the counter. On each retriggering Gate edge, the counter 
contents will be transferred into the Hold register. On the first 
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Mode O, shown in Figure 1-160, is similar Mode N, except that: source edge after the retriggering Gate edge, the Load 
counting will not begin until an active-going Gate edge is register contents will be transferred into the counter. Counting 
applied to an armed counter and the Gate level is not used to will resume on the second-source edge after a retrigger. 
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Figure 1-160. Mode O Waveforms 


MODE Q 


Rate Generator with Synchronization (Event 
Counter with Auto-Read/Reset) 
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Mode Q, shown in Figure 1-16q, provides a rate generator with 
synchronization or an event counter with auto-read/reset. The 
counter must first be issued an ARM command before 
counting can occur. Once armed, the counter will count all 
source edges which occur while the Gate is active and 
disregard those edges which cccur while the Gate is inactive. 
This permits the Gate to turn the count process on and off. 
After the issuance of an ARM command and the application of 
an active Gate, the counter will count to TC repetitively. On 
each TC,the counter will reload itself from the Load register. 
The counter may be retriggered at any time by presenting an 
active-going Gate edge to the Gate input. The retriggering 
Gate edge will transfer the contents of the counter into the 
Hold register. The first qualified source edge after the retrig- 
gering Gate edge will transfer the contents of the Load 
register into the Counter. Counting will resume on the second 
qualified source edge after the retriggering Gate edge. Quali- 
fied source edges are active-going edges which occur while 
the Gate is active. 


MODE R 
Retriggerable One-Shot 
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Mode R, shown in Figure 1-16r, is similar to Mode Q, except 
that edge gating rather than level gating is used. In other 
words, rather than use the Gate level to qualify which source 
edges to count, Gate edges are used to start the counting 
operation. The counter must be armed before application of 
the triggering Gate edge; Gate edges applied to a disarmed 
counter are disregarded. After application of a Gate edge, an 
armed counter will count all source edges until TC, irrespec- 
tive of the Gate level. On the first TC, the counter will be 
reloaded from the Load register and stopped. Subsequent 
counting will not occur until a new Gate edge is applied. All 
Gate edges applied to the counter, including the first used to 
trigger counting, initiate a retrigger operation. Upon application 
of a Gate edge, the counter contents are saved in the Hold 
register. On the first source edge after the retriggering Gate 
edge, the Load register contents will be transferred into the 
counter. Counting will resume on the second source edge 
after the retriggering Gate edge. 
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Figure 1-16q. Mode Q Waveforms 
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Figure 1-16r. Mode R Waveforms 


MODE S 


RELOAD SOURCE 
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In this mode, the reload source for LOAD commands (irre- 
spective of whether the counter is armed or disarmed) and for 
TC-initiated reloads is determined by the Gate input. The Gate 
input in Mode S is used only to select the reload source, not to 
start or modulate counting. When the Gate is Low, the Load 
register is used; when the Gate is High, the Hold register is 
used. Note the Low-Load, High-Hold mnemonic convention. 
Once armed, the counter will count to TC twice and then 
disarm itself. On each TC, the counter will be reloaded from 
the reload source selected by the Gate. Following the second 
TC, an ARM command is required to start a new counting 
cycle. Mode S is shown in Figure 1-16s. 





MODE V 
Frequency-Shift Keying 
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Mode V, shown in Figure 1-16v, provides frequency-shift 
keying modulation capability. Gate operation in this mode is 
identical to that in Mode S. If the Gate is Low, a LOAD 
command or a TC-induced reload will reload the counter from 
the Load register. If the Gate is HIGH, LOADs and reloads will 
occur from the Hold register. The polarity of the Gate only 
selects the reload source; it does not start or modulate 
counting. Once armed, the counter will count repetitively to 
TC. On each TC, the counter will reload itself from the register 
determined by the polarity of the Gate. Counting will continue 
in this manner until a DISARM command is issued to the 
counter. Frequency shift keying may be obtained by specifying 
a TC Toggled output mode in the Counter Mode register. The 
switching of frequencies is achieved by modulating the Gate. 
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Figure 1-16s. Mode S Waveforms 
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Figure 1-16v. Mode V Waveforms 
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Figure 1-16x. Mode X Waveforms 


MODE X 
Hardware Save (available in Am9513A only) 
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Mode X, as shown in Figure 1-16x, provides a hardware 
sampling of the counter contents without interrupting the 
count. A LOAD AND ARM command or a LOAD command 
followed by an ARM command is required to initialize the 
counter. Once armed, a Gate edge starts the counting 
operation; Gate edges applied to a disarmed counter are 
disregarded. After application of the Triggering Gate edge, the 
counter will count all qualified source edges until the first TC, 
irrespective of the gate level. All gate edges applied during the 
counting sequence will store the current count in the Hold 
register, but they will not interrupt the counting sequence. On 
each TC, the counter will be reloaded from the Load register 
and stopped. Subsequent counting requires a new triggering 
Gate edge; counting resumes on the first source edge 
following the triggering Gate edge. 











Note: Mode X is only available in the Am9513'A’ devices. 


COUNTER MODE CONTROL OPTIONS 


Each Counter Logic Group includes a 16-bit Counter Mode 
(CM) register used to control all of the individual options 
available with its associated general counter. These options 
include output configuration, count control, count source and 
gating control. Figure 1-17 shows the bit assignments for the 
Counter Mode registers. This section describes the control 
options in detail. Note that generally each counter is indepen- 
dently configured and does not depend on information outside 
its Counter Logic Group. The Counter Mode register should be 
loaded only when the counter is Disarmed. Attempts to load 
the Counter Mode register when the counter is armed may 
result in erratic counter operation. 
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After power-on reset or a Master Reset command, the 
Counter Mode registers are initialized to a preset condition. 
The value entered is OBO0 hex and results in the following 
control configuration: 


Output low-impedance to ground 
Count down 

Count binary 

Count once 

Load register selected 

No retriggering 

Fi input source selected 
Positive-true input polarity 

No gating 


Output Control 


Counter mode bits CMO through CM2 specify the output 
control configuration. Figure 1-18 shows a schematic repre- 
sentation of the output control logic. The OUT pin may be off 
(a high-impedance state), or it may be inactive with a low- 
impedance to ground. The three remaining valid combinations 
represent the active-high, active-low or TC Toggle output 
waveforms. 


One output form available is called Terminal Count (TC) and 
represents the period in time that the counter reaches an 
equivalent value of zero. TC will occur on the next count when 
the counter is at 0001 for down counting, at 9999 (BCD) for 
BCD up counting or at FFFF (hex) for binary up counting. 
Figure 1-19 shows a Terminal Count pulse and an example 
context that generated it. The TC width is determined by the 
period of the counting source. Regardless of any gating input 
or whether the counter is Armed or Disarmed, the terminal 
count will go active for only one clock cycle. Figure 1-19 
assumes active-high source polarity, counter armed, counter 
decrementing and an external reload value of K. 


The counter will always be loaded from an external location 
when TC occurs; the user can choose the source location and 
the value. If a non-zero value is picked, the counter will never 
really attain a zero state, and TC will indicate the counter state 
that would have been zero had no parallel transfer occurred. 
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Source Edge 
0 = Count on Rising Edge 
1 = Count on Failing Edge 


Gating Control Output Control 
000 = No Gating 000 = Inactive, Output Low 
001 = Active High TCN-1 001 = ActiveHigh Terminal Count Pulse 
010 = ActiveHighLevei GATE N+1 010 = TC Toggied 
011 = ActiveHighLevel GATE N-1 011 = tHegal ~ 
100 = ActiveHighLevel GATE N 100 = Inactive, Output High -!mpedance 
101 = Active Low Level GATE N 101 Active Low Terminal Count Pulse 
110 = ActiveHighEdge GATE N 110 = IMegal 
111 ActiveLow Edge GATE N 11 iHegal 


DF003782 
Note: See Figure 1-16 for restrictions on Count Control and Gating Control bit combinations. 


Figure 1-17. Counter Mode Register Bit Assignments 
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Figure 1-18. Output Control Logic 
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Figure 1-19. Counter Output Waveforms 


The other output form, TC Toggled, uses the trailing edge of 
TC to toggle a flip-flop to generate an output level instead of a 
pulse. The toggle output is 1/2 the frequency of TC. The TC 
Toggled output will frequently be used to generate variable 
duty-cycle square waves in Operating Modes G through K. 


In Mode L the TC Toggled output can be used to generate a 
one-shot function, with the delay to the start of the output 
pulse and the width of the output pulse separately programma- 
ble. With selection of the minimum delay to the start of the 
pulse, the output will toggle on the second source pulse 
following application of the triggering Gate edge. 


Note that the TC Toggled output form contains no implication 
about whether the output is active-high or active-low. Unlike 
the TC output, which generates a transient pulse which can 
clearly be active-high or active-low, the TC Toggled output 
waveform only flips the state of the output on each TC. The 
sole criterion of whether the TC Toggled output is active-high 
or active-low is the level of the output at the start of the count 
cycle. This can be controlled by the Set and Clear Output 
commands. (See Figure 1-20.) 


TC (Terminal Count) 


On each Terminal Count (TC), the counter will reload itself 
from the Load or Hold register. TC is defined as that period of 
time when the counter contents would have been zero had no 
reload occurred. Some special conditions apply to counter 
operation immediately before and during TC. 


1. In the clock cycle before TC, an internal signal is generated 
that commits the counter to go to TC on the next count, and 
retriggering by a hardware Gate edge (Modes N, O, Q and 
R) or a software LOAD or LOAD AND ARM command will 
not extend the time to TC. Note that the "next count'' 
driving the counter to TC can be caused by the application 
of a count source edge (in level gating modes, the edge 
must occur while the gate is active, or it will be disregarded), 
by the application of a LOAD or LOAD AND ARM command 
(see 2 below) or by the application of a STEP command. 


2. If a LOAD or LOAD AND ARM command is executed during 
the cycle preceding TC, the counter will immediately go to 
TC. If these commands are issued during TC, the TC state 
will immediately terminate. 


3. When TC is active, the counter will always count the next 
source edge issued to it, even if it is disarmed or gated off 
during TC. This means that TC will never be active for 
longer than one count period and it may, in fact, be shorter if 
a STEP command or a LOAD or LOAD AND ARM command 
is applied during TC (see item 2 above). This also means 
that a counter that is disarmed or stopped on TC is actually 
disarmed/stopped immediately following TC. 
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This may cause count sequences different from what a user 
might expect. Since the counter is always reloaded at the start 
of TC and since it always counts at the end of TC, the counter 
contents following TC will differ by one from the reloaded 
value, irrespective of the operating mode used. 


If the reloaded value was 0001 for down counting, 9999 (BCD) 
for BCD up counting or FFFF (hex) for binary up counting, the 
count at the end of TC will drive the counter into TC again 
regardless of whether the counter is gated off or disarmed. As 
long as these values are reloaded, the TC output will stay 
active. If a TC Toggled output is selected, it will toggle on each 
count. Execution of a LOAD, LOAD AND ARM or STEP 
command with these counter contents will act the same as 
application of a source pulse, causing TC to remain active and 
a TC Toggled output to toggle. 


Count Control 


Counter Mode bits CM3 through CM7 specify the various 
options available for direct control of the counting process. 
CM3 and CM4 operate independently of the others and 
control up/down and BCD/binary counting. They may be 
combined freely with other control bits to form many types of 
counting configurations. The other three bits and the Gating 
Control field interact in complex ways. Bit CM5 controls the 
repetition of the count process. When CM65 = 1, counting will 
proceed in the specified mode until the counter is disarmed. 
When CM6 = 0, the count process will proceed only until one 
full cycle of operation occurs. This may occur after one or two 
TC events. The counter is then disarmed automatically. The 
single or double TC requirement will depend on the state of 
other control bits. Note that even if the counter is automatical- 
ly disarmed upon a TC, it always counts the count source edge 
which generates the trailing TC edge. 


When TC occurs, the counter is always reloaded with a value 
from either the Load register of the Hold register. Bit CM6 
specifies the source options for reloading the counter. When 
CM6 = 0, the contents of the Load register will be transferred 
into the counter at every occurrence of TC. When CM6 = 1, 
the counter reload location will be either the Load or Hold 
Register. The reload location in this case may be controlled 
externally by using a Gate pin (Modes S and V) or may 
alternate on each TC (Modes G through L). With alternating 
sources and with the TC Toggled output selected, the duty 
cycle of the output waveform is controlled by the relative Load 
and Hold values and very fine resolution of duty cycles ratios 
may be achieved. 


Bit CM7 controls the special gating functions that allow 
retriggering and the selection of Load or Hold sources for 
counter reloading. The use and definition of CM7 will depend 
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on the status of the Gating Control field and bits CM5 and 
CME. 


Hardware Retriggering 


Whenever hardware retriggering is enabled (Modes N, O, Q, 
and R), all active-going Gate edges initiate retrigger opera- 
tions. On application of the Gate edge, the counter contents 
will be transferred to the Hold register. On the first qualified 
source edge after application of the retriggering Gate edge, 
the Load register contents will be transferred into the counter. 
(Qualified source edges are edges which occur while the 
counter is gated on and Armed.) 


This means that, if level gating is used, the edge occurring on 
active-going gate transitions will initiate a retrigger. Similarly, 
when edge gating is enabled, an edge used to start the 
counter will also initiate a retrigger. The first count source 
edge applied after the Gate edge will not increment/decre- 
ment the counter but retrigger it. 


If a LOAD, LOAD AND ARM, or a STEP Command occurs 
between the retriggering Gate edge and the first qualified 
source edge, it will be interpreted as a source edge and 
transfer the Load register contents into the counter. Thereaf- 
ter, the counter will count all qualified source edges. 


When some form of Gating is specified, CM7 controls hard- 
ware retriggering. In this case, when CM7=0, hardware 
retriggering does not occur; when CM7 = 1, the counter is 
retriggered any time an active-going Gate edge occurs. 
Retriggering causes the counter value to be saved in the Hold 
register and the Load register contents to be transferred into 
the counter. 


When No Gating is specified, the definition of CM7 changes. In 
this case, when CM7 = 0, the Gate input has no effect on the 
counting; when CM7 = 1, the Gate input specifies the source 
(selecting either the Load or Hold register) used to reload the 
counter when TC occurs. Figure 1-15 shows the various 
available control combinations for these interrelated bits. 


Count Source Selection 


Counter Mode bits CM8 through CM12 specify the source 
used as input to the counter and the active edge that is 
counted. Bit CM12 controls the polarity for all the sources; 
logic zero counts rising edges and logic one counts falling 
edges. Bits CM8 through CM11 select 1 of 16 counting 
sources to route to the counter input. Five of the available 
inputs are internal frequencies derived from the internal 
oscillator (see Figure 1-14 for frequency assignments). Ten of 
the available inputs are interface pins; five are labeled SRC 
and five are labeled GATE. 


The 16th available input is the TC output from the adjacent 
lower-numbered counter. (The Counter 5 TC wraps around to 
the Counter 1 input.) This option allows internal concatenating 
that permits very long counts to be accumulated. Since all five 
counters may be concatenated, it is possible to configure a 
counter that is 80-bits long on one Am9513A chip. When TCN- 
1 is the source, the count ripples between the connected 
counters. External connections can also be made, and can 
use the toggle bit for even longer counts. This is easily 
accomplished by selecting a TC Toggled output mode and 
wiring OUTN to one of the SRC inputs. 


Gating Control 


Counter Mode bits CM15, CM14, CM13 specify the hardware 
gating options. When "no gating" is selected (000),the count- 
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er will proceed unconditionally as long as it is armed. For any 
other gating mode, the count process is conditioned by the 
specified gating configuration. 


For a code of 100 in this field, counting can proceed only when 
the pin labeled GATEN associated with Counter N is at a logic 
high level. When it goes LOW, counting is simply suspended 
until the Gate goes HIGH again. A code of 101 performs the 
same function with an opposite active polarity. Codes 010 and 
011 offer the same function as 100, but specify alternate input 
pins as Gating Sources. This allows any of three interface pins 
to be used as gates for a given counter. On Counter 4, for 
example, pin 34, pin 35 or pin 36 may be used to perform the 
gating function. This also allows a single Gate pin to simulta- 
neously control up to three counters. Counters 1 and 5 are 
considered adjacent when using TCN - 1 (001), Gate N +1 
(010) and Gate N -1 (011) controls. 


For codes of 110 or 111 in this field, counting proceeds after 
the specified active Gate edge until one or two TC events 
occur. Within this interval, the Gate input is ignored, except for 
the retriggering option. When repetition is selected, a cycle will 
be repeated as soon as another Gate edge occurs. With 
repetition selected, any Gate edge applied after TC goes 
active will start a new count cycle. Edge gating is useful when 
implementing a digital single-shot since the gate can serve as 
a convenient firing trigger. 


A 001 code in this field selects the TC (not TOGGLE) output 
from the adjacent lower-numbered counter as the gate. This is 
useful for synchronous counting when adjacent counters are 
concatenated. 


COMMAND DESCRIPTIONS 


The command set for the Am9513A allows the host processor 
to customize and manage the operating modes and features 
for particular applications, to initialize and update both the 
internal data and control information, and to manipulate 
operating bits during operation. Commands are entered direct- 
ly into the 8-bit Command register by writing into the Control 
port (see Figure 1-7). 


All available commands are described in the following text. 
Figure 1-20 summarizes the command codes and includes a 
brief description of each function. Figure 1-21 shows all the 
unused code combinations; unused codes should not be 
entered into the Command register since undefined activities 
may occur. 


Six of the command types are used for direct software control 
of the counting process and they each contain a 5-bit S field. 
In a linear-select fashion, each bit in the S field corresponds to 
one of five general counters (S1 = Counter 1, S2 = Counter 2, 
etc.). When an S bit is a one, the specified operation is 
performed on the counter so designated; when an S bit is a 
zero, no operation occurs for the corresponding counter. This 
type of command format has three basic advantages. It saves 
host software by allowing any combination of counters to be 
acted on by a single command. It allows simultaneous action 
on multiple counters where synchronization of commands is 
important. It allows counter-specific service routines to control 
individual counters without needing to be aware of the 
operating context of other counters. 


Three of the commands use a 3-bit binary code (N4, N2, N1)} 
to identify the affected counter (a 001 programs counter 1, 
etc.). Unlike the previously mentioned commands, these 
commands allow you to program only one counter at a time. 
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*Not to be used for asynchronous operations. 


























*Unused except when XXX = 111, 001 or 000. 





Figure 1-21. Am9513A Unused 
Command Codes 


Arm Counters 


C7 C6 C5 C4 C3 C2 Ct CO 


0 oO 1 $5 S4 $3 S2 SI 


Coding: 


Description: Any combination of counters, as specified by the 
S field, will be enabled for counting. A counter must be armed 
before counting can commerce. Once armed, the counting 
process may be further enabled or disabled using the hard- 
ware gating facilities. This command can only arm or do 
nothing for a given counter; a zero in the S field does not 
disarm the counter. 


ARM and DISARM commands can be used to gate counter 
operation on and off under software control. DISARM com- 
mands entered while a counter is in the TC state will not take 
effect until the counter leaves TC. This ensures that the 
counter never latches up in a TC state. (The counter may 
leave the TC state because of application of a count source 
edge, execution of a LOAD or LOAD AND ARM command, or 
execution of a STEP command.) 


In modes which alternate reload sources (Modes G-L), the 
ARMing operation is used as a reset for the logic which 





Figure 1-20. Am9513A Command Summary 


Enable Prefetch for Write operations (Am9513'A' only) 


Disable Prefetch for Write operations (Am9513'A' only) 
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determines which reload source to use on the upcoming TC. 
Following each ARM or LOAD AND ARM command, a counter 
in one of these modes will reload from the Hold register on the 
first TC and alternate reload sources thereafter (reload from 
the Load register on the second TC, the Hold register on the 
third, etc.). 


Load Counters 


C7 C6 C5 C4 C3 C2 C1 CO 


Oo 1 0 S&S S4 $3 S2 SI 


Coding: 






Description: Any combination of counters, as specified in the S 
field, will be loaded with previously entered values. The source 
of information for each counter will be either the associated 
Load register or the associated Hold register, as determined 
by the operating configuration in the Mode register. The Load/ 
Hold contents are not changed. This command will cause a 
transfer independent of any current operating configuration for 
the counter. It will often be used as a software retrigger or as 
counter initialization prior to active hardware gating. 


lf a LOAD or LOAD AND ARM command is executed during 
the cycle preceding TC, the counter will go immediately to TC. 
This occurs because the LOAD operation is performed by 
generating a pseudo-count pulse internal to the Am9513A, 
and the Am9513A is expecting to go into TC on the next count 
pulse. The reload source used to reload the counter will be the 
same as that which would have been used if the TC were 
generated by a source edge rather than by the LOAD 
operation. 


Execution of a LOAD or LOAD AND ARM command while the 
counter is in TC will cause the TC to end. For Armed counters 
in all modes except S or V, the LOAD source used will be that 
to be used for the upcoming TC. (The LOADing operation will 
not alter the selection of reload source for the upcoming TC.) 
For Disarmed counters in modes except S or V, the reload 
sources used will be the LOAD register. For modes S or V, the 
reload source will be selected by the GATE input, regardless 
of whether the counter is Armed or Disarmed. 
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Special considerations apply when modes with alternating 
reload sources are used (Modes G-L). If a LOAD command 
drives the counter to TC in these modes, the reload source for 
the next TC will be from the opposite reload location. In other 
words, the LOAD-generated TC will cause the reload sources 
to alternate just as a TC generated by a source edge would. 
Note that if a second LOAD command is issued during the 
LOAD-generated TC (or during any other TC, for that matter), 
the second LOAD command will terminate the TC and cause a 
reload from the source designated for use with the next TC. 
The second LOAD will not alter the reload source for the next 
TC since the second LOAD does not generate a TC; reload 
sources alternate on TCs only, not on LOAD commands. 


Load and Arm Counters* 


C7 C6 C5 C4 C3 C2 Ci CO 


0 1 1 S65 S4 S3 S2 SI 


Coding: 





Description: Any combination of counters, as specified in the S 
field, will be first loaded and then armed. This command is 
equivalent to issuing a LOAD command and then an ARM 
command. 


A LOAD AND ARM command which drives a counter to TC 
generates the same sequence of operations as execution of a 
LOAD command and then an ARM command. !n modes which 
disarm on TC (Modes A-C and N-O, and Modes G-I and S if 
the current TC is the second in the cycle), the ARM part of the 
LOAD AND ARM command will re-enable counting for another 
cycle. In modes which alternate reload sources (Modes G-L), 
the ARMing operation will cause the next TC to reload from 
the HOLD register, irrespective of which reload source the 
current TC used. 

“This command should not be used during asynchronous 

operations. 


Disarm Counters 


C7 C6 C5 C4 C3 C2 C1 CO 
1 1 #O $5 S4 S3 S2 S1 


Description: Any combination of counters, as specified by the 
S field, will be disabled from counting. A disarmed counter will 
cease all counting independent of other conditions. The only 
exception to this is that a counter in the TC state will always 
count once, in order to leave TC, before DISARMing. This 
count may be generated by a source edge, by a LOAD or 
LOAD AND ARM command (the LOAD AND ARM command 
will negate the DISARM command) or by a STEP command. A 
disarmed counter may be updated using the LOAD command 
and may be read using the SAVE command. A count process 
may be resumed using an ARM command. See the ARM 
command description for further details. 


Coding: 


Save Counters 


C7 C6 C5 C4 C3 C2 C1 CO 


1 O 1 S5 S4 $3 S2 SI 


Coding: 


Description: Any combination of counters, as specified by S 
field, will have their contents transferred into their associated 
Hold register. The transfer takes place without interfering with 
any counting that may be underway. This command will 
overwrite any previous Hold register contents. The SAVE 
command is designed to allow an accumulated count to be 
preserved so that it can be read by the host CPU at some later 
time. 


Disarm and Save Counters 


C7 C6 C5 C4 C3 C2 C1 CO 


0 S5 S4 S3 S2 S1 


Coding: 
1 0 








Description: Any combination of counters, as specified by the 
S field, will be disarmed, and the contents of the counter will 
be transferred into the associated Hold registers. This com- 
mand is identical to issuing a DISARM command followed by a 
SAVE command. 


Set TC Toggle Output 


C7 C6 C5 C4 C3 C2 Ct CO 
1 1 #4 O 4 N4& N2 Ni 
(001 <N< 101) 


Coding: 


Description: The initial output level for TC Toggle mode is set 
(HIGH) for counter N selected by N4, N2, N1 = 001 (Counter 
1) thru 101 (Counter 5) respectively. This command conditions 
the TC Toggle flip-flop (see Figure 1-18), but does not appear 
at the counter output unless TC Toggle mode (CM2, CM1, 
CMO = 010) is selected. 


Clear TC Toggle Output 





C7 C6 C5 C4 C3 C2 C1 CO 
1 1 #4 #O O N4 N2 N 
(001 <N<101) 


Coding: 


Description: The initial output level for TC Toggle mode is 
Cleared (LOW) for counter N selected by N4, N2, N1 = 001 
(Counter 1) thru 101 (Counter 5) respectively. This command 
conditions the TC Toggle flip-flop (see Figure 1-18, but does 
not appear at the counter output unless TC Toggle mode 
(CM2, CM1, CMO = 010) is selected. 


Step Counter 


C7 C6 C5 C4 C3 C2 C1 CO 
1 41 #4 =#1 +O N4 N2 NI 
(001 <N <101) 


Coding: 


Description: Counter N is incremented or decremented by one, 
depending on its operating configuration. If the Counter Mode 
register associated with the selected counter has its CM bit 
cleared to zero, this command will cause the counter to 
decrement by one. If CM is set to a logic high, this command 
will increment the counter by one. The STEP command will 
take effect even on a disarmed counter. 


Load Data Pointer Register 


C7 C6 C5 C4 C3 C2 Ci CO 
0 QO O E2 E1 G4 G2 Gi 
(G4, G2, G1 #000, # 110) 


Coding: 


Description: Bits in the E and G fields will be transferred into 
the corresponding Element and Group fields of the Data 
Pointer register as shown in Figure 1-8. The Byte Pointer bit in 
the Data Pointer register is set. Transfers into the Data Pointer 
only occur for G field values of 001, 010, 011, 100, 101 and 
111. Values of 000 and 110 for G should not be used. See the 
"Setting the Data Pointer Register’’ section of this document 
for additional! details. 


Disable Data Pointer Sequencing 


C7 C6 C5 C4 C3 C2 C1 CO 
1 4 1 0 4 0 0 90 


Coding: 


Description: This command sets Master Mode bit 14 without 
affecting other bits in the Master Mode register. MM14 
controls the automatic sequencing of the Data Pointer regis- 
ter. Disabling the sequencing allows repetitive host processor 
access to a given internal location without repetitive updating 
of the Data Pointer. MM14 may also be controlled by loading a 
full word into the Master Mode register. 










Enable Data Pointer Sequencing 


C7 C6 C5 C4 C3 C2 C1 CO 
1 #1 1 0 0 0 0 0 


Coding: 


Description: This command clears Master Mode bit 14 without 
affecting other bits in the Master Mode register. MM14 
controls the automatic sequencing of the Data Pointer regis- 
ter. Enabling the sequencing allows sequential host processor 
access to several internal locations without repetitive updating 
of the Data Pointer. MM14 may also be controlled by loading a 
full word into the Master Mode register. See the "Data Pointer 
Register'’ section of this document for additional information 
on Data Pointer sequencing 


Enable 16-Bit Data Bus 


C7 C6 C5 C4 C3 C2 C1 CO 
1 #14 714 O 141 1 #1 «1 


Coding: 


Description: This command sets Master Mode bit 13 without 
affecting other bits in the Master Mode register. MM13 
controls the multiplexer in the data bus buffer. When MM13 is 
set, no multiplexing takes place and all 16 external data bus 
lines are used to transfer information into and out of the STC. 
MM13 may also be controlled by loading the full Master Mode 
register in parallel. 


Enable 8-Bit Data Bus 


Coding: C7 C6 C5 C4 C3 C2 C1 CO 


Description: This command clears Master Mode bit 13 without 
affecting other bits in the Master Mode register. MM13 
controls the multiplexer in the data bus buffer. When MM13 is 
cleared, the multiplexer is enabled and 16-bit internal informa- 
tion is transferred eight bits at a time to the eight low-order 
external data bus lines. MM13 may also be controlled by 
loading the full Master Mode register in parallel. 


Gate Off FOUT 


Coding: C7 C6 C5 C4 C3 C2 C1 CO 


Description: This command sets Master Mode bit 12 without 
affecting other bits in the Master Mode register. MM12 
controls the output state of the FOUT signal. When gated off, 
the FOUT line will exhibit a low-impedance to ground. MM12 
may also be controlled by loading the full Master Mode 
register in parallel. 


Gate On FOUT 


C7 C6 C5 C4 C3 C2 C1 CO 
1 #14 1 0 0 1 #1 ~=«90 


Coding: 


Description: This command clears Master Mode bit 12 without 
affecting other bits in the Master Mode register. MM12 
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controls the output status of the FOUT signal. When MM12 Is 
cleared, FOUT will become active and will drive out the 
selected and divided FOUT signal. MM12 may also be 
controlled by loading the full Master Mode register in parallel. 
When FOUT is gated on or off, a transient pulse may be 
generated on the FOUT signal. 


Disable Prefetch for Write Operations 


C7 C6 C5 C4 C3 C2 C1 CO 


13 #1 1 1 1 #90 0 1 


Coding: 


Description: This command disables the prefetch circultry 
during Write operations (if does not affect Read operations). 
This reduces the write recovery time and allows the user to 
use block move instructions for initialization of the Am9513A 
registers. Once prefetch is disabled for writing, an Enable 
Prefetch for Write or a Reset command is necessary to re- 
enable the prefetch circuitry for writing. Note: This command is 
only available in Am9513'A’ devices; it is an illegal command 
in the "non-A Am9513"' device. 


Enable Prefetch for Write Operations 


C7 C6 C5 C4 C3 C2 C1 CO 


1 1 1 14 4 0 0 #90 


Coding: 


Description: This command re-enables the prefetch circuitry 
for Write operations. It is used only to terminate the Disable 
Prefetch Command. Note: This command is only available in 
Am9513'A' devices; it is an illegal command in the "non-A 
Am9513"' device. 


Master Reset 
Coding: 


C7 C6 C5 C4 C3 C2 Ci CO 


1 4 1 = 14 =1 = ~«t~ 1 


Description: The Master Reset command duplicates the action 
of the power-on reset circuitry. It disarms all counters, enters 
0000 in the Master Mode, Load and Hold registers and enters 
OBOO (hex) in the Counter Mode registers. 


Following either a power-up or software reset, the LOAD 
command should be applied to all the counters to clear any 
that may be in a TC state. The Data Pointer register should 
also be set to a legal value, since reset does not initialize it. A 
complete reset operation follows. 


1. Using the procedure given in the "Command Initiation" 
section of this document, enter the FF (hex) command to 
perform a software reset. 

2. Using the "Command Initiation" procedure, enter the LOAD 
command for all counters, opcode 5F (hex). 

3. Using the procedure given in the ''Setting the Data Pointer 
Register'’ section of this document, set the Data Pointer to 
a valid code. The legal Data Pointer codes are given in 
Figure 1-9. 


The Master Mode, Counter Mode, Load and Hold registers 
can now be initialized to the desired values. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature -65°C to + 150°C Commercial (C) Devices 

VCC with Respect to VSS -0.5 V to +7.0 V Temperature (Ta) 0 to +70°C 

All Signal Voltages Supply Voltage (Vcc) 5 V +5% 
with Respect to VSS -0.5 V to +7.0 V 


Industrial (I) Devices 
Power Dissipitation (Package Limitation)..........-.+.++. isw ee ew 


Temperature (Ta) 

Stresses above those listed under ABSOLUTE MAXIMUM Supply Voltage (Vcc) 

RATINGS may cause permanent device failure. Functionality 

at or above these limits is not implied. Exposure to absolute Operating ranges define those limits between which the 
maximum ratings for extended periods may affect device functionality of the device is guaranteed. 

reliability. 


DC CHARACTERISTICS over operating ranges unless otherwise specified. 


Ail inputs Excopt x2 | —SSC~*~“~*~‘“~*~*~*dtCSSWO YC 
VIL Input Low Voltage Volts 
X2_Input a Se 
All input Except X2 | ttiti‘é‘dCOC vCG 
VIH Input High Voltage P c | 22v | vec | Volts 
x2 Input fe ee 
VITH. Input Hysteresis (SRC and GATE Inputs Only) P| Volts 
vo Output Low Voltage IOL = 3.2 mA ee eee 
vo Output High Voltage IOH =-200 pA | 24 [| Volts 
IX Input Load Current (Except X2) VSS < VIN < VCC a Eee 
m [Input Load Curent x2 SC* at 
e re 


Input Load Current X2 VSS < VIN <VCC 


Output Leakage Current (Except X1) Baoan sae 


0.4 
c VEO Supply Covent (ioaay Sas) ey a 
Input Capacitance f=1 MHz, Ta= +25°C. } 10" 
COUT Output Capacitance All pins not under San eae 
IN/OUT Capacianes test at OV, ae Ea 


* Guaranteed by design. 


L 

H 
Z 
Cc 


mA 





SWITCHING TEST INPUT/OUTPUT WAVEFORMS 


18pF 
Co 


20 ~~ yesp _ 2.0 
0.8 <——— POINTS. og 


WF004810 


vo 


Crystal is fundamental mode parallel resonant 32 pF load capacitance less than 100 22 ESR Co less than 100 pF. 


TC002000 





See Section 6 for Thermal Characteristics Information. 


2-60 


SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified (Note 1) 


Description cee 


[TavAL | O/B Vaid toReadtowSOS—S—SSSCSSSCTCCCSCS YY 2's] || 
[TAVWH | G/B Valid to Wite High SSSCSCSCSSOCSCSCSSS 2? | 70d] 
[“ToHGH | X2 High to X2 High (X2 Period) (Note SSSSCSCSCSSOCCS 2h] es | 
[TCHGL | X2 High to X2 Low (X2 High Pulse Width) (Note Ta) ——SCSCSCSCSCSSSSSSSCSCd 2h [7 [do 
[TOLCH | %2 Low to X2 High (2 Low Pulse Width) (Note 7a) SCS 2h | | —id|—s | 
[TOWH | Dala In Valid to Write High SSOSCSCSCSCSCSCSTTT | wo | i 
[TEHEH | Count Source High to Count Source High (Source Cycle Time) (Note) _——SsSCSC~C~C |i 


eet Count Source Pulse Duration (Note 7) | 2 | wm | | ns | 


| TEHFV | Count Source High to FOUT Valid (Note 7) 

-“TeHGV | Count Source High to Galo Vaid (Level Gaing Wald Tne) (oles 71 ae 
TEHAL | Gount Soueo High to Road Low (Satup Time) (Noles 2.7) 0 
TEHWH | Gount Source High to Wie Figh (Setup Time) Wotes 8,7) 3 = t00 | rs 

6 Guipat oe 

TEHYV Count Source High to Out Valid (Note 7) Immediate or Delayed Toggle Output | 24) 6] «(800 | 

Comparator Output 
TEN Vn © FT vad Wow To 
raven 
TGVGV Gate Valid to Gate Valid (Gate Pulse Duration) (Notes 8, 10) | ons | 
TGVWH —| Gato Vaid to Write High (Notes 5, 10) ast | 

[“rariax —| Rad High to C/5 Dont Gare 8s oe 

[“TAHEH —| Read High to Gount Source High Noles @ es 

[“TRHGK | Read High to Data Out wag os 

[“raHiaz —[ Foad High to Data Out at High'inpodanco (Data Bus Ralease Tine) 

[“TRHAL | Road High to Read Low (Read Recovery Tims) 28 to 

“TRASH —| ead High to GS High (ote 1@) rs 

-“TRWL | ead High to Wee Low (Read Racoveny Tine) a 0 Ps 

“TRLGv "| Reed Low to Gata Od Valdis oe 

| TRLOX | Read Low to Data Bus Driven (Data Bus Drive Time) TTT ss 

| TRLRH | Read Low to Read High (Read Pulse Duration) (Note 12) 2160 Ts 

TStAL | CS tow to Read Low (Note) re 

SW [8S Low to Wile gh oie 18) 

[IWHAX | Wite High To CYB Don't Gare i os 

[“1WHOX | Wite igh To Data In Dont ae 

[IWHeH | Write Figh to Gount Source Figh (Notes 67.1416) a 880 

[IWHGV | White High to Gato Vaid (Notes 6, 10, 12s ats fo 

[IWARL | Wie igh To Read Low (Wiito Recovery Tine) (Note 1) a st | rs 

[“IWaH | Wite High fo OS High Woe) os 

-TIWawl —[ Wie High To Wit Low (Wife Recovery Tina) (ote Te) a 00 Ts 

[“TWHY | White High to Out Vald (Notes 14) es as 

[TIWLWi | Wie Low to Wie Figh (Wite Pulse Duration) (Note 12) ee 

-“raven2 | Gato Valid to Count Source High (Spacil Gate) (Notes 10,18, 7) eat 

|_TEHGV2__| Count Source High to Gate Valid (Special Gate) (Notes 10, 13,18) | Ts 


Notes: E (Enabled counter source input) = SRC1-SRC5, 
GATE1-GATES, F1-F5,TCN-1 

F = FOUT 

G (Counter gate input) = GATE1-GATE5, TCN-1 

Q (Data Out) = DBO-DB15 

R (Read) = RD 

S (Chip Select) = CS 

A (Address) = C/D W (Write) = WR 

C (Clock) = X2 Y (Output) = OUT1-OUT5 

D (Data In) = DBO-DB15 


velseuy 





1. Abbreviations used for the switching parameter symbols are 
given as the letter T followed by four or five characters. The 
first and third characters represent the signal names on 
which the measurements start and end. Signal abbrevia- 
tions used are: 
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The second and fourth letters designate the reference states 
of the signals named in the first and third letters respectively, 
using the following abbreviations. 


H = HIGH 

L= LOW 

V = VALID 

X= Unknown or Don't care 
Z = High-lmpedance 


2. Any input transition that occurs before this minimum setup 
requirement will be reflected in the contents read from the 
status register. 


3. Any input transition that occurs before this minimum setup 
requirement will act on the counter before the execution of 
the operation initiated by the write and the counter may be 
off by one count. 


4. Any input transition that occurs after this minimum hold time 
is guaranteed to not influence the contents read from the 
status register on the current read operation. 


§. Any input transition that occurs after this minimum hold time 
is guaranteed to be seen by the counter as occurring after 
the action initiated by the write operation and the counter 
may be off by one count. 


. This parameter applies to cases where the write operation 
causes a change in the output bit. 


. The enabled count source is one of F1-F5, TCN-1 SRC1- 
SRC5 or GATE1-GATE 5, as selected in the applicable 
Counter Mode register. The timing diagram assumes the 
counter counts on rising source edges. The timing specifica- 
tions are the same for falling-edge counting. 


. This parameter applies to edge gating (CM15-CM13 = 110 
or 111) and gating when both CM7=1 and CM15- 
CM13 #000. This parameter represents the minimum 
GATE pulse width needed to ensure that the pulse initiates 
counting or counter reloading. 


9. This parameter applies to both edge and level gating 
(CM15-CM13 = 001 through 111 and CM7 = 0). This pa- 


rameter represents the minimum setup or hold times to 
ensure that the Gate input Is seen at the intended level on 
the active source edge and the counter may be off by one 
count. 


10. This parameter assumes that the GATENA input is unused 
(16-bit bus mode) or Is tied high. In cases where the 
GATENA Input is used, this timing specification must be 
met by both the GATE and GATENA Inputs. 


11. Signals F1-F5 cannot be directly monitored by the user. 
The phase difference between these signals wil! manifest 
itself by causing counters using two different F signals to 
count at different times on nominally simultaneous transi- 
tions in the F signals. F1 = X2. 


12. This timing specification assumes that CS is active when- 
ever RD or WR are active. CS may be held active 
indefinitely. 


13. This parameter assumes X2 is driven from an external gate 
with a square wave. 


14. This parameter assumes that the write operation is to the 
command register. 


15. This timing specification applies to single-action com- 
mands only (e.g., LOAD, ARM, SAVE, etc.). For double- 
action commands such as LOAD AND ARM and DISARM 
AND SAVE, TWHEH minimum = 700 ns. 


16.In short data write mode, TWHRL and TWHWL mini- 
mum = 1000 ns. 


17. This parameter applies to the hardware retrigger/save 
modes N, O, Q, R, and X (CM7 = 1 and CM15—CM13 
<> 000). This parameter ensures that the gating pulse 
initiates a hardware retrigger/save operation. 


18. This parameter applies to hardware load source select 
modes S and V (CM7 = 1 and CM15 — CM13 = 000). This 
parameter represents the minimum hold time to ensure 
that the GATE input selects the correct load source on the 
active source edge. 


SWITCHING TEST CIRCUIT 


TC003852 


This test circuit is the dynamic load of a Teradyne J941. 
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SWITCHING WAVEFORMS 
BUS TRANSFER SWITCHING WAVEFORMS 


TEHAL TRHEH TEHWH TWHEH 
(NOTE 2) (NOTE 4) (NOTE 3) (NOTE 5) | 

ENABLEO 
COUNT 
SOURCE 
(NOTE 7) 

TWHGV 

i 5) 


GATE INPUT 
(NOTE 10) 


TSLAL 
x3 TSLWH 
(NOTE 12) 


TAVAL 


ee oes ies 
- A 


—_ TWHRL 


_——= . 


TRLQV TRHQZ | 
TRLOX 


Se ee 


TWHYV 
{NOTE 6) 





Figure 1-23. 


COUNTER SWITCHING WAVEFORMS 


TEHEH 


ENABLED 
COUNT 
SOURCE 
(NOTE 7) 


GATE 
(NOTE 10) 


TFN (NOTE 11) 


Figure 1-24, 
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APPENDIX A 


Design Hints 


1) When a crystal is not being used, X; and Xo should be 
connected as shown for TTL input (Figure 1) and no input 
(Figure 2). 


2) Recommended oscillator capacitor values are 18 pF on X 
and Xo. 


3) Unused inputs should be tied to Vcc. 


4) The TC output can glitch when the counter is loaded. For 
this reason this output should not be connected to edge 
sensitive interrupts. The counter output should be set or 
cleared after the LOAD command. 


. The two most significant bits of the status register are not 
specified. They may be zero or one. 


. The mode register should not be modified when the counter 
is armed. 


. The LOAD and HOLD registers should not be changed 
during TC. 


. When using the different clocks for different counters be 
aware that there is a 75 ns skew between F1, F2, F3, F4 
and F5. 


. The TC output will remain inactive if programmed to be in 
the TC TOGGLE mode and the step command is used to 
increment or decrement the counter. The output will go into 
TC if programmed to be in the active High or active Low 
terminal count modes. The only two ways out of TC in this 
case are: 


—Arming the counter and having an active source connect- 
ed to it. 


—lIssuing another step command. 


Troubleshooting (Symptom: Solution) 


10) Timing parameters TEHWH and TGVWH are specified as 
negative. The diagrams in Figure 3 show the relationship 
between these signals. 


11) In mode X the counter will count all qualified source edges 
until the second (not the first) TC and then stop. 


12) A TC can occur when the counters are loaded if the 
counter was stopped at FFFFH or 999949 in the count up 
mode or at count 0001 when counting down. This is 
because an internal TC is generated which forces TC to be 
generated on the next count pulse. 


13) In modes that alternate the reload source between the 
load and the hold registers (e.g., mode J), if the counter is 
disarmed at 0001} for down counting or 999949 for BCD 
up counting or FFFFy for binary up counting and rearmed, 
the reload source after the first TC will be the load register 
instead of the hold register. To avoid this, issue a software 
"dummy" load to the counter immediately after the disarm 
command. 


14) In the down counting mode of the Am9513A, if a 0001 is 
loaded into the counter and another LOAD COUNTER 
command is issued, the TC of that counter will go active. If 
the load register contents are subsequently changed, and 
the counter armed, the first clock edge will cause the new 

* load register contents to transfer into the counter and the 
next clock edge will decrement the counter and make it go 
out of TC. 


15) Glitches on CS just before the RD or WR pulse may cause 
the part to behave incorrectly. 


16) Timing parameters TGVEH & TEHGV must not be violat- 
ed; Figure 4 shows a method. 


1) Registers not being programmed correctly: Check READ or WRITE recovery time. 
2) Setup and hold problems observed in synchronous systems: Try switching from positive edge to negative edge triggering. 


CLOCK 
DRIVER 
CIRCUITRY 


X1 (OUTPUT) 


X2 (INPUT) 


TC004080 


R1=6.8 kQ £10% 

R2 = Function of Driver Circuitry 
Xi Vin=3.8 V 
X2 Vi_=0.8 V 


Figure A1. Crystal Input Configuration 
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NC x1 
Am9513A 
X2 


TC004090 


Figure A2. Crystal Input Configuration 


Count 
Source 


WF023981 


TC004100 


Figure A4. GATE/SRC Configuration Suggestion 
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Am9516A 


Universal DMA Controller (UDC) 


DISTINCTIVE CHARACTERISTICS 


Transfer Modes: Single, demand dedicated with bus 
hold, demand dedicated with bus release, demand 


interleave 
16 Megabyte physical addressing range 


Automatic loading/reloading of contro! parameters by 


each channel 
Optional automatic chaining of operations 


CHANNEL 1 
REGISTERS 


Channel interleave operations 

Interleave operations with system bus 

Masked data pattern matching for search operations 
Vectored interrupts on selected transfer conditions 
Software DMA request 

Software or hardware wait state insertion 

Transfer up to 6.66 Mbytes/second at 10MHz clock 


BLOCK DIAGRAM 


SYSTEM BUS 


BUS 
INTERFACE 


INTERNAL BUS 


MASTER MODE 


CHAIN 
CONTROL 


TEMPORARY 


Figure 1. 


CHANNEL 2 
REGISTERS 


INTERFACE TO 


CONTROL PERIPHERALS 


LOGIC 


BD003830 


Publication # Rev. Amendment 
03242 D 
Issue Date: April 1987 





GENERAL DESCRIPTION 


The Am9516A Universal DMA Controller (UDC) is a high 
performance peripheral interface circuit for 8086 and 68000 
CPUs. In addition to providing data block transfer capability 
between memory and peripherals, each of the UDC's two 
channels can perform peripheral-to-peripheral as well as 
memory-to-memory transfer. A special Search Mode of 
Operation compares data read from a memory or peripheral 
source to the content of a pattern register. 


For all DMA operations (search, transfer, and transfer-and- 
search), the UDC can operate with either byte or word data 
sizes. In some system configurations it may be necessary 
to transfer between word-organized memory and a byte- 
oriented peripheral. The UDC provides a byte packing/ 
unpacking capability through its byte-word funneling trans- 
fer or transfer-and-search option. Some DMA applications 
may continuously transfer data between the same two 
memory areas. These applications may not require the 
flexibility inherent in reloading registers from memory ta- 
bles. To service these repetitive DMA operations, base 
registers are provided on each channel which re-initialize 
the current source and destination Address and Operation 
Count registers. To change the data transfer direction 


under CPU control, provision Is made for reassigning the 
source address as a destination and the destination as a 
source, eliminating the need for actual reloading of these 
address reglsters. 


Frequently DMA devices must interface to slow peripherals 
or slow memory. !n addition to providing a hardware 

input, the Am9516A UDC allows the user to select Indepen- 
dently for both source and destination addresses and 
automatic Insertion of 0, 1, 2 or 4 wait states. The user may 
even disable the WAIT input pin function altogether and use 
these software programmed wait states exclusively. 


High throughput and powerful transfer options are of limited 
usefulness if a DMA requires frequent reloading by the host 
CPU. The Am9516A UDC minimizes CPU interactions by 
allowing each channel to load its control parameters from 
memory into the channel's control registers. The only 
action required of the CPU is to load the address of the 
contro! parameter table into the channel's Chain Address 
register and then issue a ''Start Chain'"’ Command to start 
the register loading operation. 


The Am9516A UDC is packaged in a 48-pin DIP and uses a 
single +5V Power Supply. 
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BACK 


ADs 





CONNECTION DIAGRAMS 
Top View 


DIPs 


1 
2 
3 
4 
5 
6 
7 
8 
9 








3 


CD005592 


Note: Pin 1 is marked for orientation. 


LOGIC SYMBOL 


UPPER 
ADORESS BUS 


AD, 

AD, 

; | ‘Ss AD19 
W AD} 

AD12 

| TREN ADi3 


ADi4 
BUS 
CONTROL 

DREG,, DREQ, 

DACK,, DACK, 

EOP 

RESET 

inT 

INTACK 
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ADORESS 
OATA BUS 


INTERRUPT 
CONTROL 


LS001331 


NC* 
NC* 
AD 14 
Ais 
A23 
Az2 
Aa 
A20 
A419 
Vss 
Aig 
Ai7 
Ate 


NC* 
NC* 
NC* 





ORDERING INFORMATION 
Standard Products 
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AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Package Type 

d. Temperature Range 

e. Optional Processing 


AM9516A -4 D ¢ 
. OPTIONAL PROCESSING 
Blank = Standard processing 
B = Burn-in 


. TEMPERATURE RANGE* 
C =Commercial (0 to + 70°C) 


. PACKAGE TYPE 
P = 48-Pin Plastic DIP (PD 048) 
D = 48-Pin Sidebrazed Ceramic DIP (SD 048) 
J= 68-Pin Plastic Leaded Chip Carrier (PL 068) 


. SPEED OPTION 
-4=4 MHz 
-6=6 MHz 
-8=8 MHz** 
-1=10 MHz** 





a. DEVICE NUMBER/DESCRIPTION 
Am9516A 
Universal DMA Controller 


Valid Combinations 
AM9516A-4 Valid Combinations 


AM9516A-6 DC,DCB,PC,JC Valid Combinations list configurations planned to be 
AM9516A-8 supported in volume for this device. Consult the local AMD 
AM9516A~1 sales office to confirm availability of specific valid 


*This device is also available in Military temperature range. combinations, to check on newly released combinations, and 





See MOS Microprocessors and Peripherals Military Handbook to obtain additional data on AMD's standard military grade 
(Order #09275A/0) for electrical performance characteris- products. 
tics. 


**Preliminary; to be announced. 
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PIN DESCRIPTION 


[Pin No.| Name | v0 Description 


Teves ida Power Supply SSCSCSCSCSCSCSCSCSCSCSC“‘“CS*S*“CSsC—C—sSsSSSSSCSCS*S 
reeves Cone SCS 
Pas [ouock | 1 i cock SSOSCSOSSSCSSCCCTCTTSTCSCSTSTSSCTCSY 


CLOCK (Clock). The Clock signa! controls the internal operations and the rates of data transfers. It Is usually 
derived from a master system clock or the assoclated CPU clock. The Clock input requires a high 
voltage Input signal. Many UDC Input signals can make transitions independent of the UDC clock; these 
signals can be asynchronous to the UDC clock. On other signals, such as WATT inputs, transitions must 
meet setup and hold requirements relative to the UDC clock. See the Timing diagrams for detalls. 


(Address-Data Bus, Three-State). The Address Data Bus Is a time-mulitiplexed, bidirectional, active- 
high, three-state bus used for all 1/O and memory transactions. HIGH on the bus corresponds to 1 and 
LOW corresponds to 0. ADo is the least significant bit position and AD45 Is the most significant. The 
presence of addresses is defined by the timing edge of ALE, and the asserted or requested presence of 
data is defined by the DS signal. The status output lines M/IO and N/S indicate the type of transaction, 
either memory or I/O. The R/W line indicates the direction of the transaction. When the UDC is in 
control of the system bus, it dominates the AD Bus; when the UDC is not in control of the system bus, 
the CPU or other external devices dominate the AD Bus. 


The presence of address of data on the ADg — AD 45 bus is defined only by ALE and DS. When the UDC 
is not in control of the bus, there is no required relation between the presence of address or data and 
the UDC clock. This allows the UDC to be used with a system bus which does not have a bussed clock 
signal. 


(Data Strobe, Three-State). Data Strobe is a bidirectional, active-low, three-state signal. A LOW on this 
signal indicates that the ADo-AD 5 bus is being used for data transfer. When the UDC is not in control of 
the system bus and the external system is transferring information to or from the UDC, DS is a timing 
input used by the UDC to move data to or from the AD - ADy5 bus. Data is written into the UDC by the 
external ststem on the LOW-to-HIGH DS transition. Data is read from the UDC by the external system 
while DS is LOW. There are no timing requirements between DS as an input and the UDC clock; this 
allows use of the UDC with a system bus which does not have a bussed clock. During a DMA operation 
when the UDC is in control of the ststem, DS is an output generated by the UDC and used by the system 
to move data to or from the ADg - AD15 bus. When the UDC has bus control, it writes to the external 
system by placing data on the ADg — ADy5 bus before the HIGH-to LOW DS transition and holding the 
data stable until after the LOW-to-HIGH DS transition; while reading from the external system, the LOW- 
to-HIGH transition of DS inputs data from the ADo- AD45 bus into the UDC (see Timing diagram). 


(Read/Write, Three-State). Read/Write is a bidirectional, three-state signal. Read polarity is HIGH and 
write polarity is LOW. R/W indicates the data direction of the current bus transaction, and is stable 
starting when ALE is HIGH until the bus transaction ends (see Timing diagram). When the UDC is not in 
control of the system bus and the external system is transferring information to or from the UDC, R/Wis 
a status input used by the UDC to determine if data is entering or leaving on the ADo — AD45 bus during 

time. In such a case, Read (HIGH) indicates that the system is requesting data from the UDC, and 
Write (LOW) indicates that the system is presenting data to the UDC. There are no timing requirements 
between R/W as an input and the UDC clock; transitions on R/W as an input are only defined relative to 
DBS. When the UDC is in contro! of the system bus, R/W is an output generated by the UDC, with Read 
indicating that data is being requested from the addressed location or device. the addressed location or 
device and Write indicating that data is being presented to the addressed location or device. Flyby DMA 
operations are a special case where R/W is valid for the normally addressed memory or peripheral 
locations and must be interpreted in reverse by the ''Flyby'’ peripheral that uses it. 


(Transmit Buffer Enable, Open Drain). Transmit Buffer Enable is an active-low, open drain output. When 
UDC is a bus master, a LOW on this output indicates that the data is being transferred from the UDC to 
the data bus lines through the buffer. The purpose of this signal is to eliminate bus contention. When 
UDC is not in control of the system bus, these pins float to three-state OFF. 


(Receive Buffer Enable, Open Drain). Receive Buffer Enable is an active-low, open drain output. When 
UDC is in control of system bus, a LOW on this output indicates that the data is being transferred from 
the data bus lines to the UDC through the buffer. The purpose of this signal is to eliminate bus 
contention. This pin floats to three-state OFF when the UDC is not in control of the system bus. 


(Address Latch Enable). This active HIGH signal is provided by the UDC to latch the address signals 
ADo-ADj5 into the address latch. This pin is never floated. 


(Pointer/Data). Pointer/Data is an input signal to indicate the information is on the ADg - AD15 bus only 
when the UDC is the bus slave. A HIGH on this signal indicates the information is on the AD bus is an 
address of the internal register to be accessed. The data on the AD bus is loaded into the Pointer 
register of UDC. A LOW on this signal indicates that a data transfer is taking place between the bus and 
the internal register designated by the Pointer register. Note that if a transaction is carried out with R/W 
HIGH and P/D HIGH, the contents of the Pointer register will be read. 


(Memory/Input-Output, Three-State). This signal specifies the type of transaction. A HIGH on this pin 
indicates a memory transaction. A LOW on this pin indicates an I/O transaction. It floats to three-state 
OFF when UDC is not in control of the ststem bus. 


(Normal/System, Three-State). This output is a three-state signal activated only when the UDC is the 
bus master. Normal is indicated when N/S is HIGH, and System is indicated when N/S is LOW. This 
signal supplements the M/IO line and is used to indicate which memory or I/O space is being accessed. 


(Byte/Word, Three-State). This output indicates the size of data transferred on the ADg- AD45 bus. 
HIGH indicates a byte (8-bit) and LOW indicates a word (16-bit) transfer. This output is activated when 
ALE is HIGH and remains valid for the duration of the whole transaction (see Timing diagram). All word- 
sized data are word-aligned and must be addressed by even addresses (Ag = 0). When addressing byte 
read transactions, the least significant address bit determines which byte is needed; an even address 
specifies the most significant byte (ADg - ADs), and an odd address specifies the least significant byte 
(ADp -AD7). (Note that the higher address specifies the least significant byte!) This addressing 
mechanism applies to memory accesses as well as I/O accesses. When the UDC is a slave, it ignores 
the B/W signal and this pin floats to three-state OFF. 
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PIN DESCRIPTION (Cont.) 


Pin Wo.| name | vo [| __ desertion 


(Chip Select). This pin is an active-low input. A CPU or other external device uses CS to activate the 
UDC for reading and writing of its internal registers. There are no timing requirements between the CS 
input and the UDC clock; the CS input timing requirements are only defined relative to DS. This pin is 
ignored when UDC is in contro! of system bus. 


(WAIT). This pin is an active-low input. Slow memories and peripheral devices may use WAIT to extend 
DS and RBEN or TBEN during operation. Unlike the CS input, transitions on the WAIT input must meet 
certain timing requirements relative to the UDC clock. See Timing Diagram 4 for details. The Wait 
function may be disabled using a control bit in the Master Mode register (MM2). 


(Bus Request). Bus Request is an active-HIGH signalsignal used by the UDC to obtain control of the bus 
from the CPU. BREQ lines from multiple devices are connected to a priority encoder. 


(Bus Acknowledge). BACK is an active-HIGH, asynchronchronous input, indicating that the CPU has 
relinquished the bus and that no higher priority device has assumed bus control. Since BACK is 
internally synchronized by the UDC before being used, transitions on BACK do not have to be 
synchronous with the UDC clock. The BACK input is usually connected to the HLDA line from the CPU 
or to the output of a priority decoder. 


(Interrupt Request, Open Drain). Interrupt Request is an active-low output used to interrupt the CPU. It is 
driven LOW whenever the IP and CIE bits of the Status Register are set. It is cleared by UDC after 
receiving a clear IP command. 


(Interrupt Acknowledge). Interrupt Acknowledge is an active-low input indicating that the request for 
interrupt has been granted. The UDC will place a vector onto the AD bus if the No Vector or Interrupt bit 
(MM3) is reset. 


(Reset). Reset is an active-low input to disable the UDC and clear its Master Mode register. 


(DMA Request). The DMA Request lines are two active-low inputs, one per channel. They may make 
transitions independent of the UDC clock and are used by external logic to initiate and control DMA 
operations performed by the UDC. 


(DMA Acknowledge). The DMA Acknowledge lines are active-low outputs, one per channel, which 
indicate that the channel is performing a DMA operation. DACK is pulsed, held active or held inactive 
during DMA operations as programmed in the Channel Mode register. For Flowthru operations, the 
peripheral is fully addressed using the conventional I/O addressing protocols and therefore may choose 
to ignore DACK. DACK is always output as programmed in the Channel Mode register for a DMA 
operation, even when the operation is intiated by a CPU software request command or as a result of 
chaining. DACK is not output during the chaining operations. 


(End of Process). EOP is an active-low, open-drain, bidirectional signal. !t must be pulled up with an 
external resistor of 1.8kohm or more. The UDC emits an output pulse on EOP when a TC or MC 
termination occurs, as defined later. An external source may terminate a DMA ee ue rogress by 
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driving EOP low. EOP always applies to the active channel; if no channel is active, EOP is ignored. 


(Upper Address Bus, Three-state). The Ayg—Ag3 address lines are three-state outputs activated only 
when the UDC is controlling the system bus. Combined with the lower 16 address bits appearing on ADg 
through AD15 respectively, this 24-bit linear address allows the UDC to access anywhere within 16 
Megabytes of memory. 


Note: All inputs to the UDC, except the clock are directly TTL compatible. 
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AF003101 


Figure 2. UDC Configurations 


PRODUCT OVERVIEW 
Register Description 


The Am9516A UDC block diagram illustrates the internal 
registers. Figure 3 lists each register along with its size and 
read/write access restrictions. Registers which can be read by 
the CPU are either fast (F) or slow (S) readable. Fast registers 
can be read by a normal CPU I/O operation without additional 
wait states. Reading slow registers requires multiple wait 
states. Registers can be written to by the host CPU (W) and/or 
can be loaded by the DMA channel itself during chaining (C). 
All reads or writes must be word accesses since the UDC 


ignores the B/W line in slave mode. It is the responsibility of 
the user to supply the necessary external logic if slow 
readable registers are to be read. 


The UDC registers can be categorized into chip-level registers, 
which control the overall operation and configuration of the 
UDC, and channel-level registers which are duplicated for 
each channel. The five chip-level registers are the Master 
Mode register, the Command register, the Chain Control 
register, the Pointer register, and the Temporary register. The 
Master Mode register selects the way the UDC chip interfaces 
to the system. The Command register is written to by the host 
CPU to initiate certain operations within the UDC chip, such as 
resetting the unit. The Chain Control register is used by a 
channel while it is reloading its channel-level registers from 
memory. The Pointer register is written to by the host CPU 
when the P/D input is HIGH. The data in Pointer register is the 
address of the internal register to be accessed. The Tempo- 
rary register is used to hold data for Flowthru Transfer/ 
Transfer-and-Searches. 


The channel-level registers can be divided into two subcatego- 
ries: general purpose registers, which would be found on most 
DMA chips, and special purpose registers, which provide 
additional features and functionality. The general purpose 
registers are the Base and Current Operation Count registers, 
the Base and Current Address registers A and B, and the 
Channel Mode register. The special purpose registers are the 
Pattern and Mask registers, the Status register, the Interrupt 
Vector register, the Interrupt Save register, and the Chain 
Address register. 


The internal registers are read or written in two steps. First, the 
address of the register to be accessed is written to the Pointer 
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register, when the P/D input is HIGH. Then, the data is read 
from or written into the desired register, which is indicated by 
the Pointer register, when P/D input is LOW. Note that a read 
with P/D HIGH causes the contents of the Pointer register to 
be read on AD, through ADg. 


Master Mode Register 


The 4-bit Master Mode register, shown in Figure 4, controls 
the chip-level interfaces. It can be read from and written to by 
the host CPU without wait states through pins ADg — AD3, but 
it is not loadable by chaining. On a reset, the Master Mode 
register is cleared to all zeroes. The function of each of the 
Master Mode bits is described in the following paragraphs. 


The Chip Enable bit CE = 1 enables the UDC to request the 
bus. When enabled, the UDC can perform DMA Operations 
and reload registers. {t can always issue interrupts and 
respond to interrupt acknowledges. When the Chip Enable bit 
is cleared, the UDC is inhibited from requesting control of the 
system bus and, therefore, inhibited from performing chaining 
or DMA operations. 


The CPU Interleave bit enables interleaving between the CPU 
and the UDC. 


The Wait Line Enable bit is used to enable sampling of the 
WAIT line during Memory and I/O transactions. Because the 
UDC provides the ability to insert software programmable wait 
states, many users may disable sampling of the WAIT pin to 
eliminate the logic driving this pin. The Wait Line Enable bit 
provides this flexibility. See the ''Wait States” section of this 
document for details on wait state insertion. 


The ''No Vector on Interrupt'' bit selects whether the UDC 
channel or a peripheral returns a vector during interrupt 
acknowledge cycles. When this bit is cleared, a channel 
receiving an interrupt acknowledge will drive the contents of 
its Interrupt Save register onto the ADp ~ AD 15 data bus while 
INTACK is LOW. If this bit is set, interrupts are serviced in an 
identical manner, but the ADg - AD15 data bus remains in a 
high-impedance state throughout the acknowledge cycle. 


Pointer Register 


The Pointer register contains the address of the interna! 
register to be accessed. It can be read from or written to by 
the CPU when the P/D line is HIGH. 





Access Port Address 
ue CH-1/CH-2 


Master Mode Register 
Pointer Register 
Chain-Control Register 
Temporary Register 
Command Register 
Current Address Register — A: 
Up-Addr/Tag field 
Lower Address field 
Current Address Register - B: 
Up-Addr/Tag field 
Lower Address field 
Base Address Register —A: 
Up-Addr/Tag field 
Lower Address field 
Base Address Register - B: 
Up-Addr/Tag field 
Lower Address field 
Current Operation Count 
Base Operation Count 
Pattern Register 
Mask Register 
Status Register 
Interrupt Save Register 
Interrupt Vector Register 
Channel Mode Register —- HIGH 
Channel Mode Register -LOW 
Chain Address Register: 
Up-Addr/Tag field 
Lower Address field 


Access Codes: C=Chain Loadable 
D= Accessible by UDC channel 
F = Fast Readable 
S = Slow Readable 
W = Writable by CPU 


ot oo 


2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 


Note: The address of the register to be accessed is stored in the Pointer register. 
“Port addresses of the Command register can be used alternately for both channels except when issuing 


a ''set or clear IP'' command. 


Figure 3. UDC Internal Register 


Chain Control Register 


When a channel starts a chaining operation, it fetches a 
Reload word from the memory location pointed to by the 
Chain Address register (Figure 11). This word is then stored in 
the Chain Control register. The Chain Control register cannot 
be written to or read from by the CPU. Once a channel starts a 
chain operation, the channel will not relinquish bus control 
until all registers specified in the Reload word are reloaded 
unless an EOP signal is issued to the chip. Issuing an EOP toa 
channel during chaining will prevent the chain operation from 
resuming and the contents of the Reload Word register can be 
discarded. 


Chip Enable 
CPU Interieave 
Enable 

Wait Line Enable 


No Vector on 
Interrupt 
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Figure 4. Master Mode Register 
Temporary Register 


The Temporary register is used to stage data during Flowthru 
transfers and to hold data being compared during a Search or 
a Transfer-and-Search. The temporary register cannot be 
written to or read from by the CPU. In byte-word funneling, 
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data may be loaded into or from the Temporary register on a 
byte-by-byte basis, with bytes sometimes moving between the 
low byte of the data bus and the high byte of the Temporary 
register or vice-versa. See the ''Transfer" section for details. 


Command Register 


The UDC Command register (Figure 20) is an 8-bit write-only 
register written to by the host CPU. The Command register is 
loaded from the data on AD7 — ADo; the data on AD15 - ADg is 
disregarded. A complete discussion of the commands is given 
in the ‘Command Descriptions" section. 


Current and Base Address Registers A and B 


The Current Address registers A and B (Current ARA and 
ARB) are used to point to the source and destination 
addresses for DMA operations. The contents of the Base ARA 
and ARB registers are loaded into the Current ARA and ARB 
registers at the end of a DMA operation if the user enables 
Base-to-Current reloading in the Completion Field of the 
Channel Mode register. This facilitates DMA operations with- 
out reloading of the Current registers. The ARA and ARB 
registers can be loaded during chaining, can be written to by 
the host CPU without wait states and can be read by the CPU. 


Each of the Base and Current ARA and ARB registers consists 
of two words organized as a 6-bit Tag Field and an 8-bit Upper 
Address in one word and a 16-bit Lower Address in the other. 
See Figure 5. The Tag Field selects whether the address is to 
be incremented, decremented or left unchanged, and the 
status codes associated with the address. The Tag field also 
allows the user to insert 0, 1, 2 or 4 wait states into memory or 
1/O accesses addressed by the offset and segment fields. 
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The Address Reference Select Field in the Tag field selects 
whether the address pertains to memory space or I/O space. 
Note that the N/S output pin may be either HIGH (indicating 
Normal) or LOW (indicating System) for space. At the end of 
each iteration of a DMA Operation, the user may select to 
leave the address unchanged or to increment it or to decre- 
ment it. |/O addresses, if changed, are always incremented/ 
decremented by 2. Memory addresses are changed by 1 if the 
address points to a byte operand (as programmed in the 
Channel Mode register's Operation field) and by 2 if the 
address points to a word operand. Note that, if an I/O or 
memory address is used to point to a word operand, the 
address must be even to avoid unpredictable results. An 
address used to point to a byte operand may be even or odd. 
Since memory byte operand addresses will increment/decre- 
ment by 1, they will toggle between even and odd values. 
Since I/O byte operand addresses will increment/decrement 
by 2, once programmed to an even or odd value, they will 
remain even or odd, allowing consecutive !/O operations to 
access the same half of the data bus. High bus is for even 
address and low bus for odd. 


Current and Base Operation Count Registers 


Both the Current and Base Operation Count registers may be 
loaded during chaining, and may be written to and read from 
by the host CPU. 


Address Reference Field 


00 = System I/O 
01 = System Memory 


Upper Address (A23-A4) 


The 16-bit Current Operation Count register is used to specify 
the number of words or bytes to be transferred, searched or 
transferred-and-searched. For word-to-word operations and 
byte-word funneling, the Current Operation Count register 
must be programmed with the number of words to be 
transferred or searched. 


Each time a datum is transferred or searched, the Operation 
Count register is decremented by 1. Once all of the data is 
transferred or searched, the transfer or search operation will 
stop, the Current Operation Count register will contain all 
zeroes, and the TC bit in Status Register will be ''1."' If the 
transfer or search stops before the Current Operation Count 
register reaches 0, the contents of the register will indicate the 
number of bytes or words remaining to be transferred or 
searched, This allows a channel which had been stopped 
prematurely to be restarted where it left off without requiring 
reloading of the Current Operation Count register. 


For the byte-to-byte operations, the Current Operation Count 
register should specify the number of bytes to be transferred 
or searched. The maximum number of bytes which can be 
specified is 64K bytes by setting the Current Operation Count 
register to 0000. 


ADDRESS CONTROL FIELD 
00 = Increment Address 

C1 = Decrement Address 
1X = Hold Address 


WAIT CONTROL FIELD 


00 = 0 Wait States 
01 = 1 Wait States 
10 = 2 Walt States 
11 = 4 Walt States 


Lower Address (Aj5-Ao) 
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Figure 5. Address Registers A and B 


Pattern and Mask Registers 


The 16-bit Pattern and Mask registers are used in Search and 
Transfer-and-Search operations. Both the Pattern and Mask 
registers may be loaded by chaining, may be written to by the 
host CPU, and may be read from by the host CPU, provided 
wait states are inserted, since these registers are slow 
readable. The Pattern register contains the pattern that the 
read data is compared to. Setting a Mask register bit to ''1"' 
specifies that the bit always matches. See the "Search" and 
"Transfer-and-Search" sections for further details. 


Status Register 


The two 16-bit Status registers, depicted in Figure 6, are read- 
only registers which can be read by the CPU without wait 
states. Each of these registers reports on the status of its 
associated channel. 


The Interrupt Status Field in the Status register contains the 
Channel Interrupt Enable (CIE) and Interrupt Pending (IP) bits. 
These bits are described in detail in the "Interrupt" section of 
this document. 


The UDC status field contains the current channel status. The 
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“channel initialized and waiting for request'' status is not 
explicitly stated —it is reflected by Status register bits ST4o 
through STg being all zero. The "Waiting for Bus'' (WFB) 
status will cause bit ST19 to be set and indicates that the 
channel wants bus control to perform a DMA operation. The 
channel may or may not actually be asserting BREQ HIGH, 
depending on the programming of the Master Mode Chip 
Enable bit (MMO) when the channel decided it wanted the 
bus. See the ''Bus Request/Grant" section for details. If a 
channel completes a DMA operation and neither Base-to- 
Current reloading nor auto-chaining were enabled, the No 
Auto-Reload or Chaining (NAC) bit will be set. The NAC bit will 
be reset when the channel receives a "Start Chain Com- 
mand." If two interrupts are queued, the Second Interrupt 
Pending bit (SIP) will be set and the channel will be inhibited 
from further activity until an interrupt acknowledge occurs. See 
the 'Interrupt'’ section for details. Finally, if the channel is 
issued an EOP during chaining, the Chaining Abort (CA) and 
the NAC will be set. These bits are also set when a "reset" is 
issued to the UDC. The CA bit holds the NAC bit in the set 
state. The CA bit is cleared when a new Chain Upper Address 
and Tag word or Lower Address word is loaded into the 
channel. 





The Hardware Interface Field provides a Hardware Request 
(HRQ) bit which provides a means of monitoring the channels 
BREQ input pin. When the DREQ pin is LOW, the HRQ bit will 
be ''1"' and vice-versa. The Hardware Mask (HM) bit, when 
set, prevents the UDC from responding to a LOW on DREQ. 
Note, however, that the Hardware Request bit always reports 
the true (unmasked) status of DREQ regardless of the setting 
of the HM bit. 


The Completion Field stores data at the end of each DMA 
operation. This data indicates why the DMA operation ended. 
When the next DMA operation ends, new data is loaded into 
these bits overwriting, thereby erasing the old setting. Three 
bits indicate whether the DMA operation ended as a result of a 
TC, MC or EOP termination. The TC bit will be ''1" if the 
Operation Count reaching zero ended the DMA operation. The 
MC bit will be ''1'' if an MC termination occurred regardless of 
whether Stop-on-Match or Stop-on-no-Match was selected. 
The EOP bit is set only when an external EOP ends a DMA 
transfer; it is not set for EOP issued during chaining. Note that 
two or even all three of MC, TC and EOP may be set if multiple 
reasons exist for ending the DMA operation. The MCH and 
MCL bits report on the match state of the upper and lower 
comparator bytes, respectively. These bits are set when the 
associated comparator byte has a match and are reset 
otherwise, regardless of whether Stop-on-Match or Stop-on- 
no-Match is programmed. Regardless of the DMA operation 
performed, these bits will reflect the comparator status at the 
end of the DMA operation. These two bits are provided to help 


INTERRUPT upc 


INTERFACE 
RESERVED STATUS 
STATUS | STATUS | | STATUS 


HM 


CIE 
RESERVED 
ip 

CA 

NAC 

WFB 

Sip 


determine which byte matched or did not match when using 8- 
bit matches with word searches and transfer-and-searches. 
The three reserved bits return zeroes during reads. 


Interrupt Vector and Interrupt Save Registers 


Each channel has an Interrupt Vector register and an Interrupt 
Save register. The Interrupt Vector is 8-bit wide and is written 
to and read from on ADg- AD7. The Interrupt Save register 
may be read by the CPU without wait states. The Interrupt 
Vector register contains the vector or identifier to be output 
during an Interrupt Acknowledge cycle. When an interrupt 
occurs (IP = 1), either because a DMA operation terminated or 
because EOP was driven LOW during chaining, the contents 
of the Interrupt Vector register and part of the Channel Status 
register are stored in the 16-bit Interrupt Save register (See 
Figure 7). 


Because the vector and status are stored, a new vector can be 
loaded into the Interrupt Vector register during chaining, and a 
new DMA operation can be performed before an interrupt 
acknowledge cycle occurs. If another interrupt occurs on the 
channel before the first is acknowledged, further channel 
activity is suspended. 


As soon as the first clear IP command is issued, the status and 
vector for the second interrupt are loaded into the Interrupt 
Save register and Channel Operation resumes. The UDC can 
retain only two interrupts for each channel; a third operation 
cannot be initiated until the first interrupt has been cleared. 
See the "Interrupt'' section for further details. 


HARDWARE 


COMPLETION 
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Figure 6. Status Register 
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al Sa Vector 


Channel Number 

(O=ch. 1, 1=ch. 2) 

Te 

EOP 

Mc 

Chain Aborted 

MCL 

MCH 

Hardware Request 
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Figure 7. Interrupt Save Register 
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Channel Mode Register 


The Channel! Mode registers are two words wide. There are 21 
bits defined in each Channel Mode register; the other 11 bits 
are unused. See Figure 8. The Channel Mode registers may be 
loaded during chaining and may be read by the host CPU. CPU 
reads of the Channel Mode register are slow reads and require 
insertion of multiple wait states. The Channel Mode Low word 
(bits 0 - 15) may be written to directly by the host CPU. The 
Channel Mode register selects what type of DMA operation 
the channel is to perform, how the operation is to be executed, 
and what action, if any, is to be taken when the channel 
finishes. 


The Data Operation Field and the Transfer Type field select 
the type of operation the channel is to perform. It also selects 
the operand size of bytes or words (see Figure 9 for code- 
definition). The different types of operations are described in 
detail in the ''DMA Operations" section. The Flip bit is used to 
select whether the Current ARA register points to the source 
and the Current ARB register points to the destination or vice- 
versa. 


DACK CONTROL 
HARDWARE MASK 
SOFTWARE REQUEST 


BBE 
s}efatelnfolefelefefsfefate] so] 
TC MC EOP TC MC EOP TC MC EOP 
wee ee ee ee, 


CHAIN B-~C RELOAD INTERRUPT 
ENABLE 


OPERATION 
ENABLE ENABLE FIELD 
FLIP BIT 


0 — ARA = SRC, ARB = DEST 
1 ~ ARA = DEST, ARB = SRC 


TRANSFER TYPE FIELO 
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COMPLETION FIELD 


Figure 8. Channel Mode Register 


The Completion Field is used to program the action taken by 
the channel at the end of a DMA operation. This field is 
discussed in the "Completion Options’ section. The 2-bit 
Match Control field selects whether matches use an 8-bit or 
16-bit pattern and whether the channel is to stop-on-match or 
stop-on-no-match. See Figure 9 and the "Search" section for 
details. The Software Request bit and Hardware Mask bit can 
be set and cleared by software command in addition to being 
loaded in parallel with other Channel Mode bits. These bits are 
described in detail in the ‘Initiating DMA Operations" section. 


The DACK Control bit is used to specify when the DACK pin is 
driven active. When this bit is cleared, the channel's DACK pin 
will be active whenever the channel is performing a DMA 
Operation, regardless of the type of transaction. Note that the 
pin will not be active while the channel is chaining. If this bit is 


set, the DACK pin will be inactive during chaining, during both 
Flowthru Transfers and Flowthru Transfer-and-Searches, and 
during Searches, but DACK will be pulsed active during Flyby 
Transfers and Flyby Transfers-and-Searches at the time 
necessary to strobe data into or out of the Flyby peripheral. 
Flyby operations are discussed in detail in the "Flyby Transac- 
tions"’ section. 


DATA OPERATION FIELD . 


Operand Size 
Transaction 
Code/Operation | ARA | ARB Type 


Transfer 
0001 Flowthru 
100X Flowthru 
0000 Flowthru 
0011 Flyby 
0010 Flyby 
Transfer-and-Search 
0101 Flowthru 
110X Flowthru 
0100 Flowthru 
0111 Flyby 
0110 Flyby 
Search 
1111 N/A 
1110 N/A 
101X Illegal 


TRANSFER TYPE FIELD AND MATCH CONTROL FIELD 


Transfer Type | Code | 


Single Transfer 

Demand Dedicated/Bus Hold 
Demand Dedicated/Bus Release 
Demand Interleave 


Stop on No Match 
Stop on No Match 
Stop on Word Match 
Stop on Byte Match 


Figure 9. Channel Mode Coding 


Chain Address Register 


Each channel has a Chain Address register which points to the 
chain control table in memory containing data to be loaded 
into the channel's registers. The Chain Address register, as 
shown in Figure 10, is two words long. The first word consists 
of an Upper Address and Tag field. The second word contains 
the 16-bit Lower Address portion of the memory address. The 
Tag field contains 2 bits used to designate the number of wait 
states to be inserted during accesses to the Chain Control 
Table. 


The Chain Address register may be loaded during chaining 
and may be read from and written to by the host CPU without 
wait states. If an EOP is issued to the UDC during chaining, the 
Chain Address register holds the old address. This is true even 
if the access failure occurred while new Chain Address data 
was being loaded, since the old data is restored unless both 
words of the new data are successfully read. Note, however, 
that EOPs that occur when chaining and while loading a new 
Chain Address cause the new data to be lost. 


PROGRAMMABLE WAIT FIELD 
00 = 0 Wait States 
01 = 1 Wait States 
10 = 2 Wait States 
11 = 4 Wait States 
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Figure 10. Chain Address Register 





DETAILED DESCRIPTION 


Any given DMA operation, be it a Transfer, a Search, or a 
Transfer-and-Search operation, consists of three phases. In 
the first phase, the channel's registers are initialized to specify 
and contro! the desired DMA operation. In the second phase, 
the DMA operation itself is started and performed. The final 
phase involves terminating the DMA operation and performing 
any actions selected to occur on termination. Each of these 
different phases is described in detail in the following sections. 


Reset 


The UDC can be reset either by hardware or software. The 
software reset command is described in the ''Commands'' 
section. Hardware resets are applied by pulling RESET LOW. 
The UDC may be in control of the bus when a reset is applied. 
BACK is removed internally causing the outputs to go tri-state. 
tf BACK remains HIGH after reset, the UDC will not drive the 
bus unless BREQ is active. As soon as BACK goes inactive, 
the UDC places the ADo - AD15, A1g - ADo3, R/W, DS, N/S, 
M/iO B/W, TBEN and RBEN signals in the high-impedance 
state. 


Both software and hardware resets clear the Master Mode 
register, clear the CIE, IP and SIP bits, and set the CA and 
NAC bits in each Channel's Status register. The contents of all 
other UDC registers will be unchanged for a software reset. 
Since a hardware reset may have been applied partway 
through a DMA operation being performed by a UDC channel, 
the channel's registers should be assumed to contain indeter- 
minate data following a hardware reset. 


The Master Mode register contains all zeroes after a reset. 
The UDC is disabled, and the CPU interleave and hardware 
wait are inhibited. 


Because the CA and NAC bits in the Status register are set by 
a reset, the channel will be prevented from starting a DMA 
operation until its Chain Address register's Segment, Tag and 
Offset fields are programmed and the channel is issued a 
"Start Chain'' Command. 





RELOAD WORD 


RELOAD WORD 


Channel Initialization 


The philosophy behind the Am9516A UDC design is that the 
UDC should be able to operate with a minimum of interaction 
with the host CPU. This goal is achieved by having the UDC 
load its own control parameters from memory into each 
channel. The CPU has to program only the Master Mode 
register and each Channel's Chain Address register. All other 
registers are loaded by the channels themselves from a table 
located in the System memory space and pointed to by the 
Chain Address register. This reloading operation is called 
chaining, and the table is called the Chain Control Table. 


The Upper and Lower Address fields of the Chain Address 
register form a 24-bit address which points to a location in 
system memory space. Chaining is performed by repetitively 
reading words from memory. Note that the Chain Address 
register should always be loaded with an even Address; 
loading an odd Address will cause unpredictable results. The 
2-bit Tag field facilitates interfacing to slow memory by 
allowing the user to select 0, 1, 2 or 4 programmable wait 
states. The UDC will automatically insert the programmed 
number of wait states in each memory access during chaining. 


The Chain Address register points to the first word in the Chain 
Control Table. This word is called the Reload Word. See 
Figure 11. The purpose of the Reload Word is to specify which 
registers in the channel are to be reloaded. Reload Word bits 
10-15 are undefined and may be 0 or 1. Each of bits 0 
through 9 in the Reload Word correspond to either one or two 
registers in the channel (see Figure 12). When a Reload Word 
bit is ''1,"" it means that the register or registers corresponding 
to that bit are to be reloaded. If a Reload Word bit is ''0,"" the 
register or registers corresponding to that bit are not to be 
reloaded. The data to be loaded into the selected register(s) 
follow the Reload Word in memory (i.e., the data are stored at 
successively larger memory addresses). The Chain Control 
Table is a variable length table. Only the data to be loaded are 
in the table, and the data are packed together. 


SYSTEM 
MEMORY 





NEW CHAIN ADDR. 







CHAIN 
CONTROL 
TABLE—2 
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Figure 11. Chaining and Chain Control Tables 
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CURRENT ARA (2 WORDS) 
CURRENT ARB (2 WORDS) 
CURRENT OP-COUNT (1 WORD) 
BASE ARA (2 WORDS) 

BASE ARB (2 WORDS) 

BASE OP-COUNT (1 WORD) 
PATTERN AND MASK (2 WORDS) 
INTERRUPT VECTOR (1 WORD) 
CHANNEL MODE (2 WORDS) 
CHAIN ADDRESS (2 WORDS) 


Figure 12. Reload Word/Chain Control Register 


When the channel is to reload itself, it first uses the Chain 
Address register contents to load the Reload Word into the 
UDC's Chain Control register. Next, the Chain Address regis- 
ter contents are incremented by two to point to the next word 
in memory. The channet than scans the Reload Word register 
from bit 9 down to bit 0 to see which registers are to be 
reloaded. If no registers are specified (bits 9-0 are all 0), no 
registers will be reloaded. If at least one of bits 9-0 is set to 
"4," the register(s) corresponding to the set bit are reloaded, 
the bit is cleared and the Chain Address register is increment- 
ed by 2. The channel continues this operation of scanning the 
bits from the most significant to least significant bit position, 
clearing each set bit after reloading its associated registers 
and incrementing the Chain Address register by 2. If all of bits 
9 to 0 are set, all the registers will be reloaded in the order: 
Current ARA, Current ARB, Current Operation Count,. . . 
Channel Mode and Chain Address. Figure 13 shows two 
examples of Chain Control! Tables. Example 1 shows the 
ordering of data when all registers are to be reloaded. In 
example 2 only some registers are reloaded. Once the 
channel is reloaded, it is ready to perform a DMA operation. 
Note when loading address registers, the Upper Address and 
Tag word are loaded first, then the Lower Address word. Also, 
the Pattern register is loaded before the Mask register. 


Initiating DMA Operations 


DMA operations can be initiated in one of three ways —by 
software request, by hardware request and by loading a set 
software request bit into the Channel Mode register during 
Chaining. 


Starting After Chaining 


If the software request bit of the Channel Mode register is 
loaded with a ''1"' during chaining, the channel will perform the 
programmed DMA operation at the end of chaining. If the 
channel is programmed for Single Operation or Demand, it will 
perform the operation immediately. The channel will give up 
the bus after chaining and before the operation if the CPU 
interleave bit in the Master Mode register is set. See the 


‘ “Channel Response" section for details. Note that once a 


channel starts a chaining operation by fetching a Reload 
Word, it retains bus control at least until chaining of the last 
register's data is performed. 


Software Requests 


The CPU can issue Software Request commands to start 
DMA operations on a channel. This will cause the channel to 
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request the bus and perform transfers. See the description of 
the software request command for details. 


EXAMPLE—1: - 


CURRENT ARA (2 WORDS)° 


CURRENT ARB (2 WORDS)° 






CURRENT OP COUNT (1 WORD) 
BASE ARA (2 WORDS)* 
BASE ARB (2 WORDS)* 


BASE OP COUNT (1 WORD) 






PATTERN REGISTER (1 WORD) 


CHANNEL MODE (2 WORDS) 


CHAIN ADDRESS (2 WORDS)* 


CURRENT ARA (2 WORDS)* 


CURRENT OP COUNT (1 WORD) 


| 
CHAIN ADDRESS (2 WORDS)* 


DF003450 





Figure 13. Examples of Chain Control Table . 


*Load the Upper Address and Tag Word first, then the 
Lower Address Word. 


Hardware Requests 


DMA operations will often be started by applying a LOW on 
the channel's DREQ input. The "Channel Response"’ section 
describes when the LOW DREQ signals are sampled and 
when the DREQ requests can be applied to start the next DMA 
operation after chaining (see Timing Diagrams 1 and 2). 








Bus Request/Grant 


Before the UDC can perform a DMA Operation, it must gain 
control of the system bus. The BREQ and BACK interface pins 
provide connections between the UDC and the host CPU and 
other devices, if present, to arbitrate which device has control 
of the system bus. When the UDC wants to gain bus control, it 
drives BREQ HIGH. 


Some period of time after the UDC drives BREQ HIGH, the 
CPU will relinquish bus control and drive its HLDA signal 
HIGH. When the UDC's BACK input goes HIGH, it may begin 
performing operations on the system bus. When the UDC 
finishes its operation, it stops driving BREQ HIGH. 


When more than one device is used, a priority encoder and a 
priority decoder are used to decide the bus grant priority. 


DMA Operations 


There are three types of DMA operations: Transfer, Search, 
and Transfer-and-Search. Transfers move data from a source 
location to a destination location. Two types of transfers are 
provided: Flowthru and Flyby. Searches read data from a 
source and compare the read data to the contents of the 
Pattern register. A Mask register allows the user to declare 
"don't care’ bits. 


The user can program that the search is to stop either when 
the read data matches the masked pattern or when the read 
data fails to match the masked pattern. This capability is called 
Stop-on-Match and Stop-on-no-Match. Transfer-and-Search 
combines the two functions to facilitate the transferring of 
variable length data blocks. Like Transfer, Transfer-and- 
Search can be performed in either Flowthru or Flyby mode. 


Transfers 


Transfers use four of the Channel registers to control the 
transfer operation: the Current ARA and ARB registers; the 
Current Operation Count register; and the Channel Mode 
register. Channel Mode register bit CMq is called the Flip bit 
and is used to select whether ARA is to point to the source 
and ARB is to point to the destination or vice-versa. The 
Current Operation Count register specifies the number of 
words or bytes to be transferred. 


Bits CM3 — Mo in the Channel Mode register program whether 
a Flowthru or Flyby transfer is to be performed. Flowthru 
transfers are performed in either two or three steps. First, the 
channel outputs the address of the source and reads the 
source data into the UDC's Temporary register. In two-step 
Flowthru Transfer, the channel will then address the destina- 
tion and write the Temporary register data to the destination 
location. The three-step Flowthru operation (i.e., the byte-word 
funneling) is described later in this section. The source and 
destination for Flowthru Transfers can both be memory 
locations or both peripheral devices, or one may be a memory 
location and the other a peripheral device. The DACK output 
for the transferring channel may be programmed to be inactive 
throughout the transfer or active during the transfer. This is 
controlled by bit CM1g in the Channel Mode register. 


Flyby transfers provide improved transfer throughput over 
Flowthru but are restricted to transfers between memory and 
peripherals or between two peripherals. Flyby operations are 
described in detail in the ''Flyby Transactions'' section. 


Transfers can use both byte- and word-sized data. Flowthru 
byte-to-byte transfers are performed by reading a byte from 
the source and writing a byte to the destination. The Current 
Operation Count register must be loaded with the number of 
bytes to be transferred. Both the Current ARA and Current 
ARB registers, if programmed to increment/decrement, will 
change by +1 if the register points to a memory space 
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(TGg = 2) and by +2 if the register points to an I/O space 
(TGg = 0). 


Flowthru word-to-word transfers require that the Current 
Operation Count specify the number of words to be trans- 
ferred. Both the Current ARA and Current ARB registers, if 
programmed to increment/decrement, will change by +2 
regardless of whether the register points to memory or I/O 
space. 


Byte-word funneling provides packing and unpacking of byte 
data to facilitate high speed transfers between byte and word 
peripherals and/or memory. This funneling option can only be 
used in Flowthru mode. Funneled Flowthru transfers are 
performed in three steps. For transfers from a byte source to a 
word destination, two consecutive byte reads are performed 
from the source address. The data read is assembled into the 
UDC's Temporary register. In the third step, the Temporary 
register data is written to the destination address in a word 
transfer. Funneled transfers from a word source to a byte 
destination are performed by first loading a word from the 
source into the UDC's Temporary register. The word is then 
written out to the destination in two byte writes. For funnel 
operations, the byte-oriented address must be in the Current 
ARA register, and the word-oriented address must be in the 
Current ARB register. The Flip bit (CM4) in the Channel Mode 
register is used to specify which address is the source and 
which is the destination. When the byte address is to be 
incremented or decremented, the increment/decrement oper- 
ation occurs after each of the two reads or writes. The Current 
Operation Count Register must be loaded with the number of 
words to be transferred. 


In byte-to-word funneling operations, it is necessary to specify 
which half of the Temporary register (upper or lower byte) is 
loaded with the first byte of data. Similarly, for word-to-byte 
funneling operations, it is necessary to define which half of the 
Temporary register is written out first. Figure 14 summarizes 
these characteristics for both byte-to-word and word-to-byte 
funneling operations. The criterion used to determine the 
packing/unpacking order is based on whether the Current 
ARB register is programmed for incrementing or decrementing 
of the address. Note that if the address is to remain un- 
changed (i.e., if bit TG4 in the Tag Field of the Current ARB 
register is 1), the increment/decrement bit (bit TGg) still 
specifies the packing order. 


Search 


Searches use five of the Channel registers to control the 
operation: either the Current ARA or ARB, the Operation 
Count, the Pattern and Mask registers, and the Channel Mode 
register. Channel Mode register bit CM is called the Flip bit 
and is used to select either Current ARA or ARB as the 
register specifying the source for the search. Only one of the 
Current Address registers is used for search operations since 
there is no destination address required. The Current Opera- 
tion Count register specifies the maximum number of words or 
bytes to be searched. 


Search operations involve repetitive reads from the peripheral 
or memory until the specified match condition is met. The 
search then stops. This is called a Match Condition or MC 
termination. Each time a read is performed, the Source 
address, if so programmed, is incremented or decremented 
and the Operation Count is decremented by 1. If the match 
condition has not been met by the time the Operation Count 
reaches zero, the zero value will force a TC termination, 
ending the search. Searches can also stop due to a LOW 
being applied to the EOP interface pin. During a Search 
operation, the channel's DACK output will be either inactive or 
active throughout the search. This is controlled by bit CM4g in 
the Channel Mode register. The reads from the peripheral or 
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memory performed during Search follow the timing sequences 
described in the "Flowthru Transactions" sections. 


On each read during a Search operation, the UDC's Tempo- 
rary register is loaded with data and compared to the Pattern 
register, The user can select that the Search is to stop when 
the Pattern and Temporary register contents match or when 
they don’t match. This Stop-On-Match/Stop-On-No-Match 
feature is programmed in bit CM47 of the Channel Mode 
register. CMa is an enable for the output of the comparator 
and allows the MC signal to be generated. A Mask register 
allows the user to exclude or mask selected Temporary 
register bits from the comparison by setting the corresponding 
Mask register bit to ''1."" The masked bits are defined to 
always match. Thus, in Stop-On-Match, successful matching 
of the unmasked bits, in conjunction with the always-matched 
masked bits, will cause the search to stop. For Stop-On-No- 
Match, the always-matched masked bits are by definition 
excluded from not matching and therefore excluded from 
stopping the search. 


For word reads the user may select either 8-bit or 16-bit 
compares through the Channel Mode register bit CM4g6. In an 
8-bit, Stop-On-Match, word-read operation, successful match- 
ing of either the upper or lower byte of unmasked Pattern and 
Temporary registers bits will stop the search. Both bytes do 
not have to match. In 16-bit Stop-On-Match with word reads, 


Word-to-Byte 
(CM4 = 1) 


Byte-to-Word 
(CMg = 0) 


=O-0/;/-0=-0 


Transfer-and-Search 


Transfer-and-Search combines the operations of the Transfer 
and the Search functions. The registers used to control 
Transfer-and-Searches are the Current ARA and ARB regis- 
ters, the Operation Count register, the Pattern and Mask 
registers, and the Channel Mode register. 


A Transfer-and-Search operation will end when the data 
transferred meets the match condition specified in Channel 
Mode register bits CM;7-CM4g. The Mask and Pattern 
registers indicate those bits being compared with the Tempo- 
rary register contents. Like Transfers and Searches, Trans- 
fers-and-Searches will also be terminated if the operation 
count goes to zero or if a LOW is applied to the EOP pin. 
Regardless of whether Transfer-and-Search stops because of 
a TC, MC or EOP, it will always complete the iteration by 
writing to the destination address before ending (writing twice 
for word-to-byte funneling). 


In Flowthru mode, the Transfer-and-Search timing is identical 
to Flowthru Transfer. While the data is in the Temporary 
register, it is masked by the Mask register and compared to 
the Pattern register. For word Transfer and Transfer-and- 
Search, the high and low bytes of the Temporary register are 
always written to and read from AD1js5—ADg and AD7-ADo 
respectively. For byte Transfer and Transfer-and-Search, the 
byte read is always loaded into both halves of the Temporary 
register, and the entire register is driven directly out onto the 
AD 15—-ADpo bus. Transfer-and-Search can also be used with 


all unmasked Pattern and Temporary register bits must match 
to stop the search. In an 8-bit or 16-bit, Stop-On-No-Match, 
word-read Search operation, failure of any bit to match will 
terminate the Search operation. 


In an 8-bit Stop-On-Match with byte-reads, the Search will 
stop if either the upper or lower byte of unmasked Pattern and 
Temporary register bits match. For an 8-bit Stop-On-No-Match 
with byte reads, failure of matching in any unmasked Pattern 
and Temporary register bit will cause the Search to stop. For 
8-bit searches, the upper and lower bytes of the Pattern and 
Mask register should usually be programmed with the same 
data. Failure to set the upper and lower bytes of the Pattern 
and Mask registers to identical values will result in different 
comparison criteria being used for the upper and lower bytes 
of the Temporary register. Users failing to program identical 
values for the upper and lower bytes can predict the results by 
recognizing that in 8-bit Stop-On-Match, the search will end if 
all the unmasked bits in either the upper or lower bytes match, 
and for 8-bit Stop-On-No-Match, the failure of any unmasked 
bit to match will end the Search. For accurate predictions, it is 
also necessary to know that for word reads the Temporary 
register high and low bytes are loaded from AD45-—ADg and 
AD7-ADo respectively. In byte reads, the read byte is 
duplicated in both halves of the Temporary register except in 
funneting. 


Funneling Current ARB Increment/Decrement and 
Direction — Field Packing/Unpacking Rules 


Increment ARB, Write High Byte First 
Decrement ARB, Write Low Byte First 
Hold ARB, Write High Byte First 
Hold ARB, Write Low Byte First 


Increment ARB, Read High Half of Word First 
Decrement ARB, Read Low Half of Word First 
Hold ARB, Read High Half of Word First 
Hold ARB, Read Low Half of Word First 
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Figure 14. Byte/Word Funneling 


byte word funneling. In funneling, the match is an 8-bit match 
or 16-bit match as determined by the setting of bit CMy6. 


Flyby Transfer-and-Search can be used to increase through- 
put for transfer between two peripherals or between memory 
and a peripheral. Memory-to-Memory Flyby is not supported. 
Also, in Flyby, the operand sizes of the source and destination 
must be the same, funneling is not supported. A complete 
discussion of Flyby timing is given the "Flyby Transactions” 
section. During a Flyby Transfer-and-Search, data is loaded 
into the Temporary register to facilitate the comparison 
operation, and at the same time, data is transferred from the 
source to the destination. When byte operands are used, data 
is loaded into both bytes of the Temporary register, from the 
AD 15 — ADg bus if the Current ARA register is even and from 
AD7-ADp line if the Current ARA register is odd. This will 
alternate for memory bytes so the user must drive both halves 
of the bus to use the search. When word operands are used, 
data is loaded directly from AD;5 -ADg and AD7 —ADg into 
the Temporary register's high and low bytes respectively. 


Channel Response 


Channel Mode register bits CMg—CMs select the channel's 
response to the request to start a DMA operation. The 
response falls into either of two types: Single Operation or 
Demand. There are three subtypes for Demand operations: 
Demand Dedicated with Bus Hold, Demand Dedicated with 
Bus Release, and Demand Interleave. To make discussions 
clear, it is necessary to define the term "'single iteration of a 





DMA operation.'' For Search operations, one iteration consists 
of a single read operation and a comparison of the read data 
to the unmasked Pattern register bits. The Operation count will 
be decremented by 1, and the Current Address register used 
incremented or decremented if so programmed. For Transfer 
and Transfer-and-Search operations, a single iteration com- 
prises reading a datum from the source, writing it to the 
destination, comparing the read datum to the unmasked 
Pattern register bits (Transfer-and-Search only), decrementing 
the Operation count by 1 and incrementing/decrementing the 
Current ARA and ARB registers if so programmed. In byte- 
word funneling, a single iteration consists of two reads 
followed by a write (Byte-to-Word funneling) or one read 
followed by two writes (Word-to-Byte funneling). In all Transfer 
and Transfer-and-Search cases, the iteration will not stop until 
the data in the Temporary register is written to the destination. 
See Appendix B for flowchart. 


Single Operation 


The Single Operation response is intended for use with 
peripherals which transfer single bytes or words at irregular 


intervals. Each application of a Software request command 
will cause the channel to perform a single iteration of the DMA 
operation. Similarly, if the Software request bit is set by 
chaining, at the end of chaining the channel will perform a 
single iteration of the DMA operation. Each application of a 
HIGH-to-LOW transition on the DREQ input will also cause a 
single iteration of the DMA operation. If the Hardware mask bit 
is set when the transition is made, the iteration will be 
performed when the mask is cleared, providing the DMA 
operation has not terminated. See the Set/Clear Hardware 
mask bit command for details. Each time a Single Operation 
ends, the channel will give up control of the bus unless a new 
transition has occurred on DREQ. The new transition can 
occur anytime after the HIGH-to-LOW ALE transition of a read 
or Flyby memory or I/O access of the DMA iteration. Timing 
Diagram 1 shows the times after which a new transition can be 
applied and recognized to avoid giving up the us at the end of 
the current iteration. 


*TIMING DIAGRAM 1. Sampling DREQ During Single Transfer DMA Operations 
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Notes: 1. HIGH-to-LOW DREQ transitions will only be recognized after the HIGH-to-LOW transition of the clock 


during T; of a read or flyby DMA iteration. 


2. A HIGH-to-LOW DREQ transition must meet the conditions in Note 1 and must occur TsDRQ(c) 
before state T3 of the last access of the DMA iteration if the channel is to retain bus control and 
immediately start the next iteration. DREQ may go HIGH before TsDRQ(c) if it has met the TwDRQ 


parameter. 


. Flyby and Search transactions have only a single access; parameter TsDRQ(c) should be referenced 
to the start of T3 of the access. All other operations will always have two or three accesses per 


iteration. 


*See Appendix D for timing parameters. 
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TIMING DIAGRAM 2. DREQ Sampling in Demand Mode 
(a) Sampling of DREQ while in Bus Hold Mode 
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(b) DREQ Sampling in Demand Mode During DMA Operations 
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(c) Sampling DREQ at the End of Chaining 
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(d) Sampling DREQ at the End of Base-to-Current Reloading 
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Notes: 1. ee st be LOW from the start of TsDRQ(c) to the end of ThDREQ(c) to e that the 
o Felhir so moot is setup tine rea sult in the channel r pie sing the bus 
3. Ts is a setup state, generated before enteri ngeDMIA octal ration cycle. 
4. TAUs, TAUg3 and ie auto-reload states, followed by TCD (chain dec state. 





Demand Dedicated With Bus Hold 


In Demand Dedicated with Bus Hold (abbreviated Bus Hold), 
the application of a Software request command or the setting 
of the software request bit during chaining or applying a LOW 
level on the DREQ input will cause the channel to acquire bus 
control. 


If DACK is programmed as a level output (CMyg = 0), DACK 
will be active from when the channel acquires bus contro! to 
when it relinquishes control. A Software Request will cause 
the channel to request the bus and perform the DMA 
operations until TC, MC or EOP. 


Once the channel gains bus control due to a LOW DREQ 
level, it samples DREQ as shown in Timing Diagram 2. If 
DREQ is LOW, an iteration of the DMA operation is performed. 
if DREQ is HIGH, the channel retains bus control and 
continues to drive ail bus control signals active or inactive, but 
performs no DMA operation. Thus the user can start or stop 
execution of DMA operations by modulating DREQ. Once TC, 
MC or EOP occurs, the channel will either release the bus or, if 
chaining or Base-to-Current reloading is to occur, perform the 
desired operation. After chaining or Base-to-Current reloading, 
if the channel is still in Bus Hold mode and does not have a set 
software request bit (set either by chaining or command), the 
channel will relinquish bus control unless a LOW DREQ level 
occurs within the time limits. 


Demand Dedicated With Bus Release 


In Demand Dedicated with Bus Release (abbreviated Bus 
Release), the application of a Software Request will cause the 
channel to request the bus and perform the programmed DMA 
operation until TC, MC or EOP. If the channel was pro- 
grammed for Bus Release and the software request bit was 
set during chaining, the channel will start the DMA operation 
as soon as chaining ends, without releasing the bus and will 
continue performing the operation until TC, MC or EOP. 


When an active LOW DREQ is applied to a channel pro- 
grammed for Bus Release, the channel will acquire the bus 
and perform DMA operations: (a) until TC, MC or EOP or (b) 
until DREQ goes inactive. Timing Diagram 2 shows when 
DREQ is sampled to determine if the channel should perform 
another cycle or release the bus. Note that this sampling also 
occurs on the last cycle of a chaining operation. If a channel 
has an active DREQ at the end of chaining, it will begin 
performing DMA operations immediately, without releasing the 
bus. When a TC, MC or EOP occurs, terminating a Bus 
Release mode operation, the channel, if enabled for chaining 
and/or Base-to-Current reloading, will perform reloading and/ 
or chaining (assuming the Status register's SIP bit is clear) 
without releasing the bus. 


If the SIP bit in the Channel Status register is set when a DMA 
termination occurs, the channel will relinquish the bus control 
until an Interrupt Acknowledge has been received and the SIP 
bit is cleared. After an interrupt has been serviced, the channel 
will perform the Base-to-Current reloading and/or chaining if 
enabled for the termination. 


If an active request is not applied and the channel is in 
Demand Dedicated with Bus Hold, the channel will go into 
state THLD (see Timing Diagram 2(a)). If an active request is 
not applied and the channel is in Demand Dedicated with Bus 
Release or Demand interleave mode, it will release the bus. 
Note that even if an active request is applied in Demand 
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Interleave, the channel may still release the bus. The request 
for Demand Interleave should continue to be applied to ensure 
that the channel eventually responds to the request by 
acquiring the bus (i.e., the request is not latched by the 
channel). 


Demand Interleave 


Demand interleave behaves in different ways depending on 
the setting of Master Mode register bit MM. If MM is set, the 
UDC will always relinquish bus control and then re-request it 
after each DMA iteration. This permits the CPU and other 
devices to gain bus control. If MM is clear, contro] can pass 
from one UDC channel to the other without requiring the UDC 
to release bus control. If both channels have active requests, 
contro! will pass to the channel which did not just have control. 
For instance if MM is clear and both channels have active 
requests and are in Demand Interleave mode, control will 
toggle between the channels after each DMA operation 
iteration and the UDC will retain bus control until both 
channels are finished with the bus. If MM is set and both 
channels have active requests and are in Demand interleave 
mode, each channel will relinquish control to the CPU after 
each iteration resulting in the following control sequence: 
channel 1, CPU, channel 2, CPU, etc. Note that if there are 
other devices on the bus, they may gain control during the part 
of the sequence labelled CPU. See Appendix B for flowchart. 


A software or hardware request will cause a channel pro- 
grammed for Demand Interleave to perform interleaved DMA 
operations until TC, MC or EOP. If the Software request bit is 
set during chaining, the channel will retain the bus after 
chaining and will immediately start performing a DMA iteration 
and will interleave all DMA iterations after the first. If DREQ Is 
LOW on the last cycle during chaining, the channel will 
perform a single iteration immediately after chaining and 
interleave thereafter until: (a) TC, MC or EOP or (b) DREQ 
goes HIGH. If (b) occurs, the channel will relinquish the bus 
until BREQ goes LOW again and the channel again starts 
performing interleaved operations. If (a) occurs, the channel 
will not interleave before first performing chaining and/or 
Base-to-Current reloading (assuming SIP is cleared). 


The waveform of DACK is programmed in Channel Mode 
Register (CM1g). The Pulsed DACK is for flyby transaction 
only. See Timing Diagram 3. Note: This figure shows a single 
Search or Flyby iteration. State TWA is optionally inserted if 
programmed. For more than one iteration, the level DACK 
output would stay active during the time the channel had bus 
control. When CMj4g is set, the DACK output will be inactive 
for all nonflyby modes. 


Wait States 


The number of wait states to be added to the memory or I/O 
transfer can be programmed by the user as 0, 1, 2 or 4 and 
can be separately programmed for the Current Address 
registers A and B and for the Chain Address register. This 
allows different speed memories and peripherals to be associ- 
ated with each of these addresses. The Base Address 
registers A and B also have a Tag Field which is loaded into 
the Current ARA and ARB registers during Base-to-Current 
reloading. Because many users utilizing the software program- 
mable wait states will not need the ability to generate 
hardware wait states through the WAIT pin, the wait function 
can be disabled by clearing the Wait Line Enable bit (MM2) in 
the Master Mode register. 
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TIMING DIAGRAM 3. DACK Timing 
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Notes: 1. Level BACK RE occurs as shown if auto-reloading is not programmed; otherwise, it stays LOW for 
three additional clocks. ; 


2. This extra DACK pulse occurs only at EOP. It should be used to distinguish which channel got the 
EOP. 


During DMA transactions, the WAIT input is sampled in the 
middle of the To state. If WAIT is HIGH, and if no programma- 
ble wait states are selected, the UDC will proceed to state T3. 
Otherwise, at least one wait state will be inserted. The WAIT 
line is then sampled in the middle of state TWA. If WAIT is 
HIGH, the UDC will proceed to state Tg. Otherwise additional! 
wait states will be inserted. (See Timing Diagram 4.) 


Consider what happens in a transaction when both hardware 
and software wait states are inserted. Each time the WAIT line 
is sampled, if it is LOW, a hardware wait state will be inserted 
in the next cycle. The software wait state insertion will be 
suspended until WAIT is sampled and is HIGH. The hardware 
wait states may be inserted anytime during the software wait 
state sequence. It is important to know that hardware wait 
states are served consecutively rather than concurrently with 
software wait states. For example, assume for a Flowthru I/O 
Transaction that a user has programmed 4 software wait 
states. Driving a LOW on the WAIT input during To for 2 cycles 
would insert 2 hardware wait states. Driving WAIT HIGH for 3 
cycles would allow insertion of three of the four software wait 
states. Driving WAIT LOW for 2 more cycles would insert 2 
more hardware wait states. Finally, driving WAIT HIGH would 
allow the final software wait state to be inserted. During this 
last software wait state, the WAIT pin would be sampled for 
the last time. If it is HIGH, the channel will proceed to state T3. 
If the pin is LOW, the channel will insert hardware wait states 
until the pin goes HIGH and the channel would then enter 
state T3 to complete the I/O transaction. 


DMA Transactions 


There are three types of transactions performed by the 
Am9516A UDC: Flowthru, Flyby and Search. Figures 15 and 
16 show the configurations of Flowthru and Flyby Transac- 
tions. 


Flowthru Transactions 


A Flowthru Transaction consists of Read and Write cycles. 
Each cycle consists of three states: T;, To, and T3 as shown 
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in Timing Diagram 5. The user may select to insert software 
wait states through the Tag fields of the Current ARA and ARB 
registers. In addition, if Master Mode register bit MMo = 1, 
hardware wait states may be inserted by driving a LOW signal 
on the WAIT pin. 


The M/IO and N/§ lines will reflect the appropriate level for 
the current cycle early in Ty. The TGg and TG7 bits of the 
current ARA and ARB registers should be programmed 
properly. The ALE output will be pulsed HIGH to mark the 
beginning of the cycle. The offset portion of the address for 
the peripheral being accessed will appear on ADg-AD15 
during Tj. The R/W and B/W lines will select a read or write 
operation for bytes or words. The R/W, N/S, M/TO and B/W 
lines will become stable during T; and will remain stable until 
after T3. 


1/O address space is byte-addressed, but both 8- and 16-bit 
data sizes are supported. During I/O transactions the B/W 
output signal will be HIGH for byte transactions and LOW for 
word transactions. For I/O transactions, both even and odd 
addresses can be output; hence, the address bit output on 
ADo may be 0 or 1. 


The channel can perform both I/O read and I/O write 
operations; the M/IO line will be LOW. During an 1/O read, the 
ADo - AD45 bus will be placed in the high-impedance state by 
the UDC during To. The UDC will drive the DS output LOW to 
signal the peripheral that data can be gated onto the bus. The 
UDC will strobe the data into its Temporary register during T3. 
DBS will be driven HIGH to signal the end of the 1/O 
transaction. During 1/O write, the UDC will drive the contents 
of the Temporary register onto the ADo — AD15 bus and shortly 
after will drive the DS output LOW until T3. Peripherals may 
strobe the data on AD bus into their internal registers on either 
the falling or rising edge. If the peripheral is to be accessed in 
a Flyby transaction also, data should be written on the rising 
edge of DS only. 





TIMING DIAGRAM 4. WAIT Timing 
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Figure 15. Configuration of Flowthru Transaction 


For byte I/O writes, the channel will drive the same data on 
data bus lines ADo - AD7 and ADg-ADj5. During byte I/O 
reads when the address bit on ADg is 0, the UDC will strobe 
data in from data lines ADg-—AD 5. During byte I/O reads 
when the address bit on ADo is 1, the UDC will strobe data in 
from data lines ADp - AD7. Thus, when an 8-bit peripheral is 
connected to the bus, its internal registers will typically be 
mapped at all even or all odd addresses. To simplify accesses 
to 8-bit peripherals, byte oriented I/O addresses are incre- 
mented/decremented by 2. 


The channe! can perform the |/O read and memory write 
operation, the memory read and I/O write operation, and the 
memory read and memory write operation, also. The timing for 
all Flowthru transactions is the same. 


During chaining operations the UDC reads words from an 
address in System memory pointed to by the active channel's 
Chain Address register. Those chaining operations are per- 
formed identically to the Flowthru memory read transactions, 
except that the data is loaded into an internal UDC channel! 
register rather than the Temporary register. Note that chaining 


2-85 


TTY VV VY CF 
XY? y, 


BOY 


EXXXKKXKKKK VYYY XX VYYY XX Y 
SiALOAAcOenseetearticetearteet 


x LN AVA AN 


WF007680 


FLYBY 
PERIPHERAL 
(0.9. FIO) 


id 
Se SN 


AF003130 


MEMORY OR 
PERIPHERAL 


Figure 16. Configuration of Flyby Transaction 


never causes a write or a byte read; thus, all memory writes or 
all byte accesses are due to DMA operations. A typical 
memory operation consists of three states: Tj, To, and T3, as 
shown in Timing Diagram 5. The user may select to insert 1, 2 
or 4 software wait states after state To and before state T3 by 
programming the Tag field of the Current Address register or 
the Chain Address register. If the Wait Line Enable bit in the 
Master Mode register is set, the user may also insert hardware 
wait states after state To and before state T3 by driving a LOW 
on the WAIT line. The operation of Flowthru memory transac- 
tions is performed identically to the Flowthru I/O transactions. 
(See Timing Diagram 5.) 


Flyby Transactions 


Flyby Transfer and Flyby Transfer-and-Search operations are 
performed in a single cycle, providing a transfer rate signifi- 
cantly faster than that available from Flowthrus. In Flyby, 
Operations can only be performed between memory and 
peripheral or between peripheral and peripheral. Memory-to- 
Memory operations cannot be performed in Flyby mode; these 
must be done using Flowthru. 
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TIMING DIAGRAM 5. Flowthru Transactions 
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The Flyby Transaction can only be used with peripherals 
having a special Flyby signal input or with external logic. This 
Flyby input is connected to the channel's DACK output. For 
memory-peripheral Flyby, the address of the source memory 
location must be programmed in the Current ARA register. The 
Current ARB register must be programmed with the destina- 
tion memory location for peripheral-memory Flyby. For Flyby 
peripheral-to-peripheral transaction, if both peripherals have a 
Flyby input, only one (called ''flyby peripheral'') should be 
connected to DACK; the other peripheral's Flyby input should 
be held high during the Flyby operation. The address of the 
peripheral (called ''non-flyby peripheral'') not connected to the 
channel's DACK output should be programmed in the Current 
ARB register when it is a destination. When the non-flyby 
peripheral is a source, its address should be programmed in 
the current ARA register. Note that a set Flip bit (CM4 = 1) is 
for Flyby peripheral to Non-Flyby peripheral or Memory Write 
transaction (defined as ''From Fiyby Transaction"), and a 
clear Flip bit (CM4=0) is for the memory or non-flyby 
peripheral read to Flyby peripheral transaction (defined as "To 
Flyby Transaction"). 
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A Flyby operation is performed using three states: T;, To, and 
Tg. During T; the channel pulses ALE and outputs the address 
information. See Timing Diagram 6. The R/W line is HIGH for 
"To Flyby” Transaction, and the R/W line is LOW for ''From 
Flyby"’ Transaction. 


The channel's M/IO and N/S lines are coded as specified by 
the Current ARA or ARB Tag field. The B/W line indicates the 
operand size programmed in the Channel Mode register 
Operation field. During state T, the channel drives R/W line to 
indicate the transaction direction. During state To the channel 
drives both DS and DACK active. The Flyby Peripheral 
connected to DACK inverts the R/W signal to determine 
whether it is being read from or written to (see Figure 17). 





RD 


—_$—_—$_$_$_$_—_$_—_£_=——_———— 
USE FOR INTEL INTERFACE 


/W' = BACK-R/W + BACK -R/W 
* = BACK-DACK + BACK-DS 
= DACK-R/W- BACK + 0S-R/W + BACK 
R = DACK-R/W-BACK + 0S-R/W- BACK 
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Figure 17. Flyby Peripheral Interface 


The pulsed DACK input serves two purposes: to select the 
peripheral for the Read/Write, and to provide timing informa- 
tion on when to drive data onto or input data from the 
ADo-AD15 bus. Note that because the ''Flyby Peripheral’ 
never gets explicitly addressed by ADo — AD}45, it must know 
which internal register is to be loaded from or driven onto the 
ADo—AD15 bus. On state T3, the DS and DACK lines are 
driven inactive to conclude the transfer. In Transfer-and- 
Search mode, data is loaded into the UDC's Temporary 
register on the LOW-to-HIGH DS transition to perform the 
Search function. 


To provide adequate data setup time, the rising edge of DS or 
DACK should be the edge used to perform the write to the 
transfer destination. To extend the active time of DS and 
DACK, wait states can be inserted between To and T3. 
Software wait states can be inserted by programming the 
appropriate code in the Tag field of the Current ARA or ARB 
registers. Hardware wait states can be inserted by pulling 
WAIT LOW if the Wait Line Enable bit in the Master Mode 
register is set. The WAIT line is sampled in the middle of the 
To or TWA state. 


Termination 


There are three ways a Transfer-and-Search or Search 
operation can end and two ways a Transfer operation can end. 
When a channel's Current Operation count goes to 0, the 
DMA operation being performed will end. This is called a TC or 
Terminal Count termination. A DMA operation can also be 
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stopped by driving the EOP pin LOW with external logic. This 
is called an EOP termination. Search and Transfer-and-Search 
operations have a third method of terminating called Match 
Condition or MC termination. An MC termination occurs when 
the data being Transferred-and-Searched or Searched meets 
the match condition programmed in Channel Mode register 
bits CM;7—-CMy6. These bits allow the user to stop when a 
match occurs between the unmasked Pattern register bits and 
the data read from the source, or when a no-match occurs. 
Both byte and word matches are supported. MC terminations 
do not apply to Transfer operations since the pattern matching 
logic is disabled in Transfer mode. 


End-of-Process 


The End-of-Process (EOP) interface pin is a bi-directional 
signal. Whenever a TC, MC or EOP termination occurs, the 
UDC will drive the EOP pin LOW. During DMA operations, the 
EOP pin is sampled by the UDC to determine if the EOP is 
being driven LOW by external logic. Timing Diagram 7 shows 
when internal EOPs are generated marking termination of all 
Transfers. These figures also show the point during the DMA 
iteration when the EOP pin is sampled. The generation of 
internal EOPs and sampling of external EOPs for Transfer- 
and-Searches follow the same timing used for Transfers. 
Since there is a single EOP pin for both channels, EOP should 
only be driven LOW by a channel while that channel is being 
serviced. This can be accomplished by selecting a level DACK 
output (CMR 4g = 0) and gating each channel's EOP request 
with DACK, as shown in Figure 18. 


If an EOP is detected while the channel is trying to reload the 
Chain Address register, the new Chain Address Offset and 
Segment are discarded and the old address +2 is preserved 
to allow inspection of the erroneous address. 


Programming Completion Options 


When a channel ends a DMA operation, the reason for ending 
is stored in the Completion Status Field of the channel's 
Status register. See Figure 6. This information is retained until 
the next DMA operation ends at which time the Status register 
is updated to reflect the reason(s) for the latest termination. 
Note that it is conceivable that more than one bit in the 
Completion Field could be set. An as extreme example, if a 
channel! decremented its Current Operation count to zero, 
causing a TC termination; input data from the source generat- 
ed a match causing an MC termination; and there was a LOW 
on the EOP pin resulting in an EOP termination, all three of the 
channel's Status register completion bits would be set. 
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TIMING DIAGRAM 6. Flyby Transactions 
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TIMING DIAGRAM 7. EOP Timing 
(a) EOP Sampling and Generation During DMA Operations 
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(b) Sampling of EOP During Bus Hold 


CHANNEL HOLDS BUS 


WF007570 


Notes: 1. The diagram lists state names for both 1/O and memory accesses. Sampling of EOP will occur on 
the falling edge of state T3. 
2. State Tip is a pseudo-T; state, generated following termination of any DMA operation. 
3. Tau1 is an auto-intialization state, generated following the TC, MC or EOP termination. 


AF003150 


Figure 18. EOP Connection 
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When a DMA operation ends, the channel can: 


(a) Issue an Interrupt request (i.e., setting the IP or SIP bit of 
the channel's Status register); 


(b) Perform Base-to-Current reloading; 

(c) Chain reload the next DMA operation; 

(d) Perform any combination of the above; or 
(e) None of the above. 


The user selects the action to be performed by the channel in 
the Completion option field of the Channe! Mode register. For 
each type of termination (TC, MC or EOP), the user can 
choose which action or actions are to be taken. If no reloading 
is selected for the type of termination that occurred, the NAC 
bit in the Status register will be set. 


More than one action can occur when a DMA operation ends. 
This may arise because more than one action was pro- 
grammed for the applicable termination. The priorities of those 
actions are Interrupt request first, Base-to-Current reloading 
second, and then chaining. The Interrupt cannot be serviced 
unless the UDC has relinquished the bus. 


Interrupts 


To allow the UDC to start executing a new DMA operation 
after issuing an Interrupt, but before an Interrupt acknowledge 
is received, a two-deep Interrupt queue is implemented on 
each channel. The following discussion will describe the 
standard Interrupt structure and then elaborate on the addi- 
tional Interrupt queuing capability of the UDC. 


A complete Interrupt cycle consists of an Interrupt request 
followed by an Interrupt-acknowledge transaction. The re- 
quest, which consists of INT being pulled LOW, notifies the 
CPU that an Interrupt is pending. The Interrupt-acknowledge 
transaction, which is initiated by the CPU as a result of the 
request, performs two functions: it selects the peripheral 
whose Interrupt is to be acknowledged, and it obtains a vector 
that identifies the selected device and operation — the cause of 
the Interrupt. 


A peripheral can have one or more sources of Interrupt. Each 
Interrupt source has two bits that contro! how it generates 
Interrupts. These bits are a Channel Interrupt Enable bit (CIE) 
and an Interrupt Pending bit (IP). On the UDC, each channel is 
an Interrupt source. The two Interrupt control bits are located 
in bits CMy5 and CMy4g of each channel's Status register. 


Each channel has its own vector register for identifying the 
source of the Interrupt during an Interrupt acknowledge 
transaction. There is one bit (MMg) in the Master Mode 
register used for controlling Interrupt behavior for the whole 
device. 


Once a channel issues an Interrupt, it is desirable to allow the 
channel to proceed with the next DMA operation before the 
Interrupt is acknowledged. This could lead to problems if the 
UDC channel attempted to chain reload the Vector register 
contents. In such a situation, it may not be clear whether the 
old or new vector would be returned during the acknowledge. 
This dilemma is resolved in the UDC by providing each 
channel with an Interrupt Save register. When the channel 
sets IP as part of the procedure followed to issue an Interrupt, 
the contents of the Vector register and some of the Status 
register bits are saved in an Interrupt Save register. See Figure 
8. When an Interrupt Acknowledge cycle is performed, the 
contents of the Interrupt Save register are driven onto the bus. 
Although the use of an Interrupt Save register allows the 


2-90 


channel to proceed with a new task, problems can still 
potentially arise if a second Interrupt is to be issued by the 
channel before the first Interrupt is acknowledged. To avoid 
conflicts between the first and second Interrupt, each channel 
has a Second Interrupt Pending (SIP) bit in its Status register. 
When a second Interrupt is to be issued before the first 
Interrupt is acknowledged, the SIP bit is set and the channel 
relinquishes the bus until an acknowledge occurs. For compat- 
ibility with polled Interrupt schemes, the Interrupt save register 
can be read by the host CPU without wait states. As an aid to 
debugging a system's Interrupt logic, whenever IP is set, the 
Interrupt Save register is loaded from the Vector and Status 
registers. 


Note that the SIP bit is transferred to the IP bit when IP is 
cleared by the host CPU. Whenever CIE is set, INT will go 
LOW as soon as IP is set. 


Base-to-Current Reloading 


When a channel finishes a DMA operation, the user may 
select to perform a Base-to-Current reload. (Base-to-Current 
reloading is also referred to as Auto-reloading in this docu- 
ment.) In this type of reload, the Current Address registers A 
and B are loaded with the data in the Base Address registers A 
and B respectively, and the Current Operation Count register 
is loaded with the data in the Base Operation Count. The 
Base-to-Current reload operation facilitates repetitive DMA 
operations without the multiple memory accesses required by 
chaining. Although the channel must have bus control to 
perform Base-to-Current reloading, the complete reloading 
operation occurs in four clock cycles (i.e., TAU, through 
TAU,). Note that if the channel had to relinquish the bus 
because two unacknowledged interrupts were queued, it will 
have to regain bus control to perform any Base-to-Current 
reloading (or chaining, for that matter). In this case it acquires 
the system bus once an Interrupt acknowledge is received, 
even if it immediately afterward will relinquish the bus because 
no hardware/software request is present. 


Chaining 


If the channel! is programmed to chain at the end of a DMA 
operation, it will use the Chain Address register to point to a 
Chain Control Table in memory. The first word in the table is a 
Reload word, specifying the register(s) to be loaded. Following 
the Reload word are the data values to be transferred into the 
register(s). Chaining is described in detail in the "Channel 
Initialization'’ section. 


Because chaining occurs after Base-to-Current reloading, it is 
possible to reset the Current Address registers A and B and 
the Current Operation Count register to the values used for 
previous DMA operations, then chain reload one or two of 
these registers to some special value to be used, perhaps, for 
this DMA operation only. If the Base values are not reloaded 
during chaining, the channel can revert back to the Base 
values at a later cycle. 


If an all zero Reload word is fetched during chaining, the chain 
operation will not reload any registers, but in all other respects, 
it will perform like any other chaining operation. Thus, the 
Chain Address will be incremented by 2 to point to the next 
word in memory, and at the end of the all Zero-Reload word 
chain operation, the channel will be ready to perform a DMA 
operation. All Zero-Reload words are useful as ''Stubs'’ to 
start or terminate linked lists of DMA operations traversed by 
chaining. On the other hand, care must be taken in their use 
since the channel may perform an erroneous operation if it is 
unintentionally started after the chaining operation. 





COMMAND DESCRIPTIONS 


Figure 19 shows a list of UDC commands. The commands are 
executed immediately after being written by the host CPU into 
the UDC's Command register (Figure 20). A description of 
each command follows. 


Reset (00) 


This command causes the UDC to be set to the same state 
generated by a Hardware Reset. The Master Mode register is 
set to all zeros; the CIE, IP and SIP bits are cleared; the NAC 
and CA bits in each channel's Status register are set; and the 
channel activity is forbidden. The Chain Address must be 
programmed since its state may be indeterminate after a 
Reset. The lockout preventing channel activity is cleared by 
issuing a Start Chain command. 


Reset 
Start Chain Channel 1 
Start Chain Channel 2 


Set Software Request Channel 1 
Set Software Request Channel 2 
Clear Software Request Channel 1 
Clear Software Request Channel 2 


Set Hardware Mask Channe! 1 
Set Hardware Mask Channel 2 
Clear Hardware Mask Channel 1 
Clear Hardware Mask Channel 2 


Set CIE, or, IP Channel 1 
Set CIE, or, IP Channel 2 
Clear CIE, or, IP Channel 1 
Clear CIE, or, IP Channel 2 


Set Flip Bit Channel 1 


Set Flip Bit Channel 2 
Clear Flip Bit Channel 1 
Clear Flip Bit Channel 2 


Start Chain Channel 1/Channel 2 (Ag/A1) 


This command causes the selected channel to clear the No 
Auto-Reload or Chain (NAC) bit in the channel's Status 
register and to start a chain reload operation of the channel's 
registers, as described in the ''Channel Initialization’ section. 
These effects will take place even if the fetched Reload word 
is all zeros. This command will only be honored if the Chain 
Abort (CA) bit and the Second Interrupt Pending (SIP) bit in the 
channel's Status register are clear. If either the CA or SIP bit is 
set, this command is disregarded. 


When the Waiting For Bus (WFB) bit of Status register is set, if 
the ''Start Chain'' command is issued, the channel will honor 
the command after one DMA iteration. It is nearly impossible 
for the CPU to issue a command when WFB = 1 and the UDC 
is enabled. 


Opcode Bits 


ves | aa10_| 


Example 
Code HEX 


XXXX 
XXXO A 
XXX1 A 


00 
0 
1 
XX10 42 
XX11 43 
XX00 40 
XX01 41 


82 
83 
80 


000X 
101X 
101X 


“Notes: 1. E= Set to 1 to perform set/clear on CIE; Clear to 0 for no effect on CIE. 
2. P= Set to 1 to perform set/clear on IP; Clear to 0 for no effect on IP. 
3. X= "don't care” bit. This bit is not decoded and may be 0 or 1. 


Figure 19. UDC Command Summary 
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FUNCTION FIELD _] 


000 Reset 

001 Interrupt Control 
010 Software Request 
011 Flip Bit 

100 Hardware Mask 
101 Start Chain 

110 Not Recognized 
111 Not Recognized 





Channel 2/Channel 1 
SetCiear, 

Interrupt Pending 

Don't Care 

Channel Interrupt Enable 


DF003460 


Figure 20. Command Register 


Software Request Channel 1/Channel 2 
(Set: 42/43, Clear: 40/41) 


This command sets or clears the software request bit in the 
selected channel's Mode register. If the Second Interrupt 
Pending (SIP) bit and No Auto-Reload or Chain (NAC) bit in 
the channel's Status register are both cleared, the channel will 
start executing the programmed DMA operation. If either the 
SIP or NAC bit is set, the channel will not start executing a 
DMA operation until both bits are cleared. The SIP bit will clear 
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when the channel receives an Interrupt acknowledge. One 
way to clear the NAC bit is to issue a Start Chain command to 
the channel. If the fetched Reload Word is all zeros, the 
channel's registers will remain unchanged and the software 
request bit, if set earlier by command, will cause the pro- 
grammed DMA operation to start immediately. If during 
chaining new information is loaded into the Channel Mode 
register, this new information will, of course, overwrite the 
software request bit. 
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Set/Clear Hardware Mask 1/Mask 2 
(Set: 82/83; Clear: 80/81) 


This command sets or clears the Hardware Mask bit in the 
selected channel's Mode register. This command always 
takes effect. The Hardware Mask bit inhibits recognition of an 
active signal on the channel's DREQ input; this bit does not 
affect recognition of a software request. If the channel is in 
single transfer mode, it performs DMA operations upon receipt 
of a transition on DREQ rather than in response to a DREQ 
level. Transitions occurring while the Hardware Mask bit is set 
will be stored and serviced when the Hardware Mask is 
cleared, assuming the Channel has not chained. The UDC will 
request the system bus 1 1/2 to 2 clocks after the receipt of 
any DREQ, after which a minimum of one DMA iteration is 
unavoidable. DREQ transitions are only stored for the current 
DMA operation. If the channel performs a chain operation of 
single transfer mode, any DREQ transition stored for later 
service is cleared. 


Timing Diagrams 1 and 2 show the minimum times when a 
new DREQ can be applied if it is to be serviced by the new 
DMA operation. Note in Diagram 1 the notation of First 
iteration and Last iteration. This means, for example, DREQ 
may be asserted during the write cycle T; of a Flowthru 


transaction, but may never be asserted during Ty of a Flyby 
transaction because Flyby is done in one iteration. 


Set/Clear CIE, and IP Channel 1/Channel 2 (see Figure 19) 


This command allows the user to either set or clear any 
combination of the CIE and IP bits in the selected channel's 
Status register. These bits control the operation of the 
channel's Interrupt structure and are described in detail in the 
"Interrupts'’ section. Setting the IP bit causes the Interrupt 
Save register to be loaded with the current Vector and Status. 
The IP bit is cleared to facilitate an efficient conclusion to the 
processing of an interrupt. 


Set/Clear Flip Bit Channel! 1/Channel 2 
(Set: 62/63; Clear: 60/61) 


The Flip Bit in the selected channel's Mode register can be 
cleared and set by this command. This allows the user to 
reverse the source and destination and thereby reverse the 
data transfer direction without reprogramming the channel. 
This command will be most useful when repetitive DMA 
operations are being performed by the channel, using Base-to- 
Current reloading for channel reinitialization and using this 
command to control the direction of transfer. Chaining new 
information into the Channel Mode register will, of course, 
overwrite the Flip bit. 


TIMING DIAGRAM 8. AC Timing when UDC Is a Bus Slave 
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TIMING DIAGRAM 9. AC Timing when UDC is a Bus Master 
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TIMING DIAGRAM 10. Upper Address Rollover Timing 
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TIMING DIAGRAM 11. Bus Exchange Timing 
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Notes: 1.Under no circumstance can BACK be removed prior to BREQ. 


2.One extra ALE occurs each time the 9516 releases the bus. No DS accompanies it, so this should not 
present a problem. 


TIMING DIAGRAM 12. Reset Timing 
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TIMING DIAGRAM 13. Clock Waveform 
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TIMING DIAGRAM 14. Timing During Chaining 
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APPLICATIONS INFORMATION Am9516A UDC to 68000 CPU interface is shown in Figure 23. 
An example of an Am8086 initialization program is shown in 

Figures 21(a) and 21(b) show the configuration of an Figure 24. Figure 25 shows the reload table for chaining. The 

Am9516A UDC and an Am8086 microprocessor on the same details of the Programmable Array Logic (PAL*) for those 

board. Figure 22 shows a configuration for them when the interfaces are described in Appendix B. 

Am9516A UDC is on a different board. The configuration of an 
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Figure 21(a). Am9516A UDC to Am8086 CPU Interface (Minimum Mode) 


AmPAL16L8 PALASM FILE 


PALI6L8 

Pat 001 

Am9516A to Am8086 min mode interface chip 
Advanced Micro Devices 

NC ALED ALEP HLDA BW ADpy DT/DEN/SEL GND 
NC/RBEN/RD ALE Ao/RW/DS/WR/TBEN Voc 
If (/HLDA) DS = RD + WR 

If ((HLDA) RW = DT 

If (/HLDA) TBEN = /DT*/SEL*DEN 

If (/HLDA) RBEN = DT*/SEL*DEN 

lf (HLDA) RD = /RW * DS 

If (HLDA) WR = RW * DS 

ALE = /ALEP * /ALED 


Ao = /ADo*/BW*HLDA*ALED + 
/ADo*BW*HLDA*ALED + 
/ADo*/HLAD*ALEP + Ag*/ALEP + Ag*/ALED 


DESCRIPTION 


This PAL converts the control signals to interface the Am8086 in 
min mode to the Am9516A DMA controller. Another example 
shows how this is done in max mode. 





“PAL is a trademark of Monolithic Memories, Inc. 
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Figure 21(b). Am9516A UDC to 8086 CPU Interface (Maximum Mode) 
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Timing Diagram of AmPAL16R6 


a 


CLOCK (CLK) 


AmPAL16R6 PALASM FILE 


AmPAL16R6 

PAT003 

Am8086 to AmZ85XX Peripheral interface 
Advanced Micro Devices 


CLOCK RESET CLK/S9/S;/Se NC NC NC GND 
/OE/AS/P1/RW/DS/PO/LACK/RDY CLKD Voc 


Po: = /RESET*So*/Po*/P, + 
/RESET*S4*/Po*/Py + 
/RESET*S2*/Po*/Py + 
/RESET*So*P + 
/RESET*S4*P + 
/RESET*So*P 


P4: = /RESET*Po*/P, 
/RESET*P*S 
/RESET*P4*S; 
/RESET*P;*Sp 


DS: = /IACK*/P9*P4*Sq*/S1*So + 
NACK*/Po*P4*/So*S4"So + 
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$1,2,3,4,5,6 


IACK*S9*S4*Se 
DS*Po*P4 
RW: = So*/S4 


IACK: = /RESET*Sp*S1*So + IACK*Po*P;*/DS + 
IACK*/Po*/P4 


RDY: = /RESET*S9*/S4*So*Po*Py + 
/RESET*/So*S4*So*Po*P; + 
/RESET*DS*RDY*Po*P 


/CLKD = CLK 
AS = /CLKD*Po9*/P4*/IACK*CLK 


DESCRIPTION 


This PAL translates Am8086 bus signals into compatible 
signals for the Am9516A. It is also applicable to AmZ85XX 
peripherals by altering/RW and /DS to/RD and /WR. One flip- 
flop is available to give the necessary delay to the falling edge 
of/WR. 


Note: The CLK signal must be externally inverted for this 
design. 
A> 





HREQ 


>| 


A 


HLDA 


AmPAL16R4 Timing 


{| | 
janie See 


PROCESSOR 
DMA REQUEST ACKNOWLEDGE SER ONE 





, AmPAL16R4 PALASM FILE 
B > Type Am9516A PAL 
PAL16R4 
Am8086 to Am9516A interface 
Advanced Micro Devices 
CLK/RQGT HOLD NC NC NC/RW/DS MIO GND 
/OE/MWTC/MRDC HLDA/D2/Re2/Ry/IOWC/IORC Voc 


if (HLDA) IORC = /MIO*DS*/RW 
lf (HLDA) IOWC = /MIO*DS*RW 
If (HLDA) MRDC = MIO*DS*/RW 
If (HLDA) MWTC = MIO*DS*RW 


Ry: = HOLD 

Ra: = /Ry 

Do: = Ry 

/HLDA: = /Ry + /Da*/HLDA + /RQGT*/HLDA 


DESCRIPTION 


This device converts the min mode signals HOLD and HLDA to 
the max mode /RQGT protocol. Additionally, it generates the 8288 
equivalent control outputs /MRDC, /MWTC, /IORC, and /IOWC. 
This PAL was used to connect the Am9516A to the Am8086 in 
max mode. 


B> 


Note: If HOLD is taken away prior to grant pulse, design will not work correctly because the release pulse 
will overlap the grant pulse. 
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Figure 22. Am9516A to 8086 in a MULTIBUS Environment 
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Figure 23. The Am9516A UDC to 68000 CPU Interface 
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PAL16R4 PAL DESIGN SPECIFICATION 
PATO06 JOE BRCICH 9/01/83 

68000 TO Am9516A INTERFACE WITH DATA HOLD CORRECTION 
ADVANCED MICRO DEVICES 


CLK RW AOQ- BREQ /BG_ /DSI JAS /BW /CS 
/OE /LDS /UDS DSO /C BACK /BR /TB- /RB 


IF (/BACK) RB = /CS * RW * UDS + 
/CS * RW * LDS 


{F (/BACK) TB /CS * /RW 


IF (BACK) UDS DSI * /AO * /BW 
BW * DSI 

IF (BACK) LDS DSI * AO * /BW 
BW * DSI 


BR := BREQ * BG * BR * AS 
BREQ * /BG * /BACK 


/BACK := /BREQ 
/BREQ * /BG 
/BREQ * AS 
/BREQ * /BACK 
/BG * /BACK 
AS * /BACK 


C:= UDS * /BACK 
LDS * /BACK 


/DSO := BACK 
/BACK * /RW * C 


DESCRIPTION 

iF BREQ*BACK IS TRUE THE Am9516A HAS THE BUS, OTHERWISE THE 68000 HAS THE BUS. 
THIS PAL CONNECTS THE Am9516A TO THE 68000 WITH ONE WAIT STATE DURING WRITES 
WHILE SHORTENING /DS TO ACHIEVE PROPER DATA HOLD TIME. IT ALSO CONVERTS THE 
BUS EXCHANGE PROTOCOL INTO 68000 FORMAT. THIS DESIGN ASSUMES NO OTHER BUS 
MASTERS IN THE SYSTEM. /RB AND /TB CONTROL THE TRANCEIVERS WHEN CPU IS BUS 
MASTER. /CS MUST BE FUNCTION OF ALL DEVICES CONNECTED TO THE CPU BUS NOT 
JUST THE Am9516A /CS AS SHOWN HERE. 


The /CS to /DS set-up time of 30ns is met in the following ways: 

(1) During a read cycle the only effect from not meeting this set-up time is that the data valid 
access time from the Am9516A will be delayed by a proportional amount. Since the minimum 
/DS Low width from the 10-MHz 68000 (during a read) is 193ns and the minimum /DS Low 
width to the Am9516A is 150ns, we have 43ns margin not counting gate delays which will 
‘further increase this margin. 

(2) During a write cycle this is not an issue since the /DS comes later and is stretched longer 
due to the Wait state. 


AmPAL16R4 68K9516M PALASM File 
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PAL16L8 PAL DESIGN SPECIFICATION 9516MBC 
PAT 003 JOE BRCICH 26 JULY 84 
MULTIBUS CONTROL FOR Am9516A 

ADVANCED MICRO DEVICES 


> 
3 
© 
or 
al 
oO 
> 


BACK MIO NC NC /DACK NC NC NC /CEN 
NC /RD /AIORG = /DS /MWTG /MRDC /IOWC /RW /WR 


IF (BACK) IORC = /MIO * DS * /RW * CEN 
IF (BACK) lOWC = /MIO * DS * RW * CEN 
IF (BACK) MRDC = MIO * DS * /RW * CEN 
IF (BACK) MWTC = MIO * DS * RW * CEN 


RD = DACK * RW * BACK + 
IORC * /BACK 


WR = DACK * /RW * BACK + 
IOWC * /BACK 


IF (/BACK) DS = IORC + IOWC 
IF (/BACK) RW = IOWC 





DESCRIPTION 


THIS PAL CONVERTS MULTIBUS SIGNALS INTO Am9516A COMPATIBLE SIGNALS AND VICE 
VERSA. IT ALSO SUPPORTS THE 8530 IN FLYBY MODE. 


MULTIBUS Control for Am9516A (AmPAL16L8) 





PAL16R4 PAL DESIGN SPECIFICATION 9516MBA 
PAT 004 JOE BRCICH 30 July 84 
MULTIBUS ARBITER FOR Am9516A 

ADVANCED MICRO DEVICES 


/BCLK /XACK BRQ /BSY /BPRN /DS NC /IORC /CS GND 
/OE /RBEN /TBEN BACK /CEN /BREQ /BUSY /BPRO- /WAIT VCC 


IF (/BACK) TBEN = IORC * CS 

IF (/BACK) RBEN = /IORC * CS 

WAIT = /XACK * BACK 

BREQ := BRQ 

BPRO = /BRQ * BPRN 

/BACK := /BUSY 

BUSY := BREQ * BPRN * /BSY * /BUSY + 


BREQ * BUSY * BPRN + 
BREQ * BUSY 

CEN := BACK 

DESCRIPTION 


/CEN DELAYS THE COMMANDS TO MEET THE MULTIBUS REQUIREMENT THAT ADDRESS 
AND DATA BE VALID AT LEAST 50NS PRIOR TO CONTROL ACTIVE. /IOWC WAS NOT USED 
SINCE USING /IORC IMPROVES HOLD TIME. THIS DESIGN DOES NOT SUPPORT THE /CBRQ 
FUNCTION. 


MULTIBUS Arbiter for Am9516A (AmPAL16R4) 
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AL,38H ;sLOADING POINTER OF MASTER 

12H ;-MODE REGISTER 

AX,007H sLOADING MMR CODE 

10H ; 

AL,26H ;LOADING POINTER OF CHAIN 

12H ;ADDRESS REGISTER'S SEGMENT 
AX,0000H ;LOADING SEGMENT OF CAR-1 

10H : 

AL,22H sLOADING POINTER OF CHAIN 

12H “ADDRESS REGISTER'S OFFSET 
AX,1020H ‘LOADING OFFSET OF CAR-1 

10H 3 

AL,2CH sLOADING POINTER OF COMMAND 
12H ;REGISTER 

AL,AOH ;sLOADING "START CHAIN'' COMMAND 
10H ‘ISSUING "START CHAIN" COMMAND 


Figure 24. Initialization Program for 8086 CPU 
Notes: The P/D input is connected to A1 line; CS is decoded from A7 through A4 (all 0). 


ADDRESS 0 4 6 8 


1000 0000 0000 1020 0007 
1010 0002 AAAA 0009 OOAO 0004 
Reload 1030 000010800012, 0000 FFF 
werd 1040 0000 102011111111 0000 
1050 0010 0000 0000 1020 0018 
1060 CACA CACA CACA CACA CACA 
1070 CACA CACA CACA CACA CACA 


) 8020: 

0000 

1007 

CACA 

CACA 
TBOO0084 





Figure 25. Reload Table for Chaining 





APPENDIX A 
UDC REGISTER SUMMARY 


Master Mode Register 


A7 AO 
Address xX 0 1 1 41 0 0 X 
Fast Readable 
Writable 


Chip Enable 


CPU interleave 
Enable 


Wait Line Enable 


No Vector on 
Interrupt 


DF003470 
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Miscellaneous Registers 


AO 


Address Current Operation Count 


> 
| 
o 
a 
o 
> 


Current Operation Count 


Base Operation Count 
Base Operation Count 
Pattern 


i 


Pattern 
Mask 
Mask 


x 
_— 


COfololjo;j/a—a;a;a]a4 
O1lololola{[—aifaia 
KL K | KK] OK LK] OK] OK | OX 


0 0 1 
0 0 0 
0 1 1 
1 0 1 
1 0 0 
1 1 1 
1 1 0 


x 
= 


Chain Loadable 

Writable 

Pattern and Mask - Slow Readable 
Operation Count- Fast Readable 





[B15 | B14] D19 | Diz] B11 [P10 |g [De [07 [De] D5] D4 | Ds [D2] Ds [Do | 


Chain Control Register 


Chain Loadable Only 
Current ARA (2 Words) 
Current ARB (2 Words) 
Current Op-Count (1 Word) 
Base ARA (2 Words) 
Base ARB (2 Words) 
Base Op-Count (1 Word) 
Pattern and Mask (2 Words) 
interrupt Vector (1 Word) 
Channel Mode (2 Words) 
Chain Address (2 Words) 


cee Pee eels 


DF003480 





Command Register 


Address 
Writable Only 









Channel 2/Channel 1 


FUNCTION FIELD ae 


Set/Ciear 
000 Reset \ t Pendi 
001 Interrupt interrupt Peneing 
010 Software Request 
011 Flip Bit 


100 Hardware Mask Channel Interrupt Enable 


101 Start Chain 
110 Not Recognized 
111 Not Recognized 


DF003490 
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Status Register 


A7 AO 


Address xX 0 1 0 1 14 #14 X CH1 


XxX 0 10 1 1 0 X CH2 
Fast Readable 


uoc HAROWARE 
STATUS RESERVED INTERFACE 
INTERRUPT STATUS COMPLETION 
STATUS | | | STATUS 
e}ufejetn fol ofet fet sep ofe}s fo] 
HM 


CIE 
RESERVED 
Ip 


DF003500 


Interrupt Save Register 


A7 AO 


Address XxX 0 10 1 0 1 CH1 


Xx 
Xx 0 1 0 1 0 0 X { CH2 
Fast Readable 


Fd IES ED a 
a Vector 


Channel Number 

(O=ch.t, 1=ch.2) 

Te 

EOP 

uc 

Chain Aborted 

MCL 

MCH 

Hardware Request 
DF003510 
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Channel Mode Register 


Chain Loadable 


High CH1 
High CH2 
Low CH1 
Low CH2 


Writable (Lower 16 bits) 


Slow Readable 


DACK CONTROL 
HARDWARE MASK 
SOFTWARE REQUEST 


TC MC EOP TC MC EOP TC MC EOP 
see eee’ ee, ee ee 


CHAIN B-C RELOAD INTERRUPT 
ENABLE ENABLE ENABLE 


COMPLETION FIELD 


TRANSFER TYPE FIELD 
Code Transfer Type 


Single Transter 

Demand Dedicated/Bus Hold 
10 Demand Dedicated/Bus Release 
11 Demand Interieave 


FUP BIT 


0 — ARA = SRC, ARB = DEST 
1 — ARA = DEST, ARB = SRC 


MATCH CONTROL FIELD 

00 Stop on No Match 

01 Stop on No Match 

10 Stop on Word Match 

11 Stop on Byte Match 
—_——, 


—— 


OATA OPERATION FIELD 

Operand Size Transaction 
Code/Operation ARA ARB Type 
Transfer 
0001 Byte Byte Flowthru 
100X Byte Word Flowthru 
0000 Word Word Flowthru 
0011 Byte Byte Flyby 
0010 Word Word Flyby 
Transfer- 
and-Search 
0101 Byte Byte Flowthru 
110X Byte Word _—— Flowthru 
0100 Word Word Flowthru 
0111 Byte Byte Flyby 
0110 Word Word = Flyby 
Search 
1191 Byte NA 
1110 Word WA 
101X itlegal 


DF003520 





Chain Address Register 


A7 
Address 


15 








UP-ADOR 





LOWER ADDRESS 


AO 

Up-Addr CH1 
Up-Addr CH2 
Low-Addr CH1 
Low-Addr CH2 


PROGRAMMABLE WAIT FIELD 


10 = 2 Wait States 
11 = 4 Wait States 


87 3 2 t 0 





DF003530 
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Am9516A 


Address Registers 


AO 
Address 


| 


Current ARA Up-Addr/Tag 
Current ARA Up-Addr/Tag 
Current ARA Low-Addr 
Current ARA Low-Addr 
Current ARB Up-Addr/Tag 
Current ARB Up-Addr/Tag 
Current ARB Low-Addr 
Current ARB Low-Addr 
Base ARA Up-Addr/Tag 
Base ARA Up-Addr/Tag 
Base ARA Low-Addr 
Base ARA Low-Addr 
Base ARB Up-Addr/Tag 
Base ARB Up-Addr/Tag 
Base ARB Low-Addr 
Base ARB Low-Addr 


x) x< 
o|}o 


oOlololrojaiJajw}eJ[Jol;lol;lo;o};]—s}—)j42) 4 
KL KL KL KL KL KL OK] KL KL OK | OK) OK] OK] KK 


Clolololojojlololololo 
olo}lslaj;ofolaja=folola|=a];/oloja]a 
efalojal[ol/-=l[ofa[of[Aalojajojaf[ofja 


«|< | x | x | ><] x] <b x | x [x 

ololo 
Clolololololjojlolololojolojololo 
alafafalalafajaulololalojolo{lojo 


Chain Loadable 
Fast Readable and Writable 


ADDRESS REFERENCE FIELD ADDRESS CONTROL FIELD 


00 = Increment Address 
01 = Decrement Address 
1X =Hold Address 


MEMORY/(I/0) PROGRAMMABLE WAIT FIELD 


00 = 0 Wait States 
01 = 1 Wait State 


NORMAL/SYSTEM 
10 = 2 Walt States 
11 = 4 Walt States 


15 


UP-ADDR i] 


LOWER ADDRESS 


DF003540 
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APPENDIX B 


Flow Charts of DMA Operations: 


Figure B-1 shows the basic DMA operations with software or hardware request. The Demand Interleave operations are shown in 
Figure B-2. 


> 
3 
© 
2 
o 
> 





(a) Single Operation (c) Demand Dedicated with Bus Release 
(Hardware Request) 





BTOCLOAD Yes| INTERRUPT 

CHAINING BTOCLOAD 

CHAINING 
: OTHER 

aie ca 

et RELEASE BUS 

PF001250 PF001260 
(b) Demand Operation when Software (d) Demand Dedicated with Bus Hold 
Requesting (Hardware Request) 


ONE DMA ITERATION ONE DMA ITERATION 
















INTERRUPT 
BTOCLOAD 
CHAINING 


INTERRUPT 
BTOCLOAD 
CHAINING 

















OTHER 
CHANNEL 





OTHER 
CHANNEL 









OR OR 
RELEASE BUS RELEASE BUS 


PF001270 PF001280 
Figure B-1. Basic DMA Operations of Am9516A UDC 


NT**Multibus is a trademark of Intel Corp. 


CH-1; INTERLEAVE CH-1: OEMANO INTERLEAVE CH-1: DEMANO INTERLEAVE CH-t; DEMANOINTERLEAVE = C1: OEMAND INTERLEAVE 
CH-2 INTERLEAVE CH-2 DEMAND/BUS RELEASE CH-2 DEMANO/BUS HOLO CH-2: DEMANO/BUS RELEASE CH-2: OEMAND/BUS HOLD OR BUS RELEASE 
CPU: INTERLEAVE CPU: NO INTERLEAVE CPu: NO INTERLEAVE CPu: INTERLEAVE CPU: INTERLEAVE 

CH-T, INTERLEAVE CH-1; INTERLEAVE on 

CH-2 INTERLEAVE CH-2: ‘SOFTWARE DEMANO ACTIVE 

CPU: NO INTERLEAVE CPU: INTERLEAVE 






CH2 
LOCKED 
OuT ry 
INACTIVE INACTIVE 
OREG; { DREG: 
IWACTIVE INACTIV 
BREQ2 
er) ACTIVE 
BREO2 CH. BREQ; 
ACTIVE TERMINATE ACTIVE 


OOOH) 
HOODOO) 


OREQ2 
tNACTIVE 
REQ: 
ACTIVE 





PF001300 
Figure B-2. Demand interleave Operations of Am9516A UDC as 
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APPENDIX C 
Am9516A STATE DIAGRAM 


Am9516A INTERNAL OPERATION ROUTINES 


1. 


a f& WO N 


"Start Chain'' command issued or start updating rou- 
tine* after an interrupt has been served.** 


. Norma! DMA operation. 

. Demand with Bus hold while DREQ is inactive. 

. DREQ is active while bus held. 

. Single transfer, CPU interleave enabled, or demand 


with bus release while current DREQ is inactive and 
no DMA request is pending. 


. Single Transfer or Demand/Bus release while current 


DREQ is inactive, but the other DMA request is pend- 
ing. 


7. TC, MC or EOP termination occurs. 


8. One DMA or chain transaction is done and the upper 


address is not changed. 


. One DMA or chain transaction is done and the upper 


address is changed. 
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ACKNOWLEDGE 


|-— UPPER ADORESS UPDATING —-+-— TRANSFER/SEARCH —- SETUP 7 ae (a IOLE | 


AF003180 


10, Base-to-current auto-reloading is enabled. 

11. Base-to-current auto-reloading is disabled. 

12. Chaining is enabled. 

13. Chaining is disabled and another DMA request is 
pending. 

14. Chaining is disabled and no DMA request is pending. 

15. Chaining ends and another DMA request is pending. 

16. Chaining ends and no DMA request is pending. 

17. EOP termination of Bus Hold. 


*Updating routine includes base-to-current auto-reloading 
and chaining. 

**When a second interrupt is to be issued before the 
first interrupt is acknowledged, the SIP bit of a Status 
register is set and the channel relinquishes the bus un- 
til the first interrupt has been served. If the channel 
was to perform the updating routine, once the SIP bit 
is cleared, DTC will reacquire the bus and perform the 
appropriate operation (i.e., 1). 


ABSOLUTE MAXIMUM RATINGS 


Storage Temperature -65°C to +150°C 
Vcc with Respect to Vss ~0.5V to +7.0V 
All Signal Voltages with Respect to Vss ..-0.5V to +7.0V 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 


OPERATING RANGES 


Commercial (C) Devices 
Temperature (Ta) 


Supply Voltage (Vcc) 


Operating ranges define those limits between which the 
functionality of the device is guaranteed. 


0 to +70°C 
5V + 5% 


> 
3 
o 
oi 
oa 
a 
> 


maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


| Parameters ‘Description —=—|__—=—Test Conditions =| Min_| 
[Von | ook Input High Vottage | Driven by External Clock Generator | 90 





Volts 
Volts 
Volts 
Volts 
Volts 


Voc +03 


cc +03 
cco +03 


[Vn | Input tow Voltage SSCS 
Vo 


8 
Geen een 
tu urre| 
CC cc supply Ta = 70°C 
ae Unmeasured pins returned to ground. 
Cc 


f= 1 MHz over specified temperature 
range. 
CIN Input Capacitance (Except Pin 46) 
Cout Output Capacitance 
Bidirectional Capacitance 


Standard Test Conditions 





2.4 Volts 


Volts 
0.45 Volts 
+10 


+10 


mA 
mA 


CCLK 


Unmeasured pins returned 


to ground. f = 1MHz over 
specified temperature range. 





p 


The characteristics below apply for the following standard test conditions, unless otherwise noted. All voltages are refer- 
enced to GND. Positive current flows into the referenced pin. Standard conditions are as follows: 

+4.75 <V<CC> < + 5.25V 

GND = 0V 

0°C <Ta S+70°C 


Standard Test Load Open-Drain Test Load 


+5V 


+5V 
2.2K 
FROM OUTPUT 2.2K 
UNDER TEST 
FROM OUTPUT 
UNDER TEST 
50pF 250 nA 
SOpF I 
TC002010 TC002020 


See Section 6 for Thermal Characteristics information. 
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SWITCHING TEST WAVEFORMS 


DRIVE 4.3 V 


DRIVE 0.2 V 
WF024210 


A. External CLOCK Generator 


DRIVE 26 V 






TEST POINT 2.0 V 


TEST POINT 0.8 V 
DRIVE 0.45 V 
WF024220 


B. BACK, DREQ1, DREQ2, RESET, INTACK, and EOP only 


DRIVE 2.4 V 






TEST POINT 20 V 


TEST POINT 0.6 V 
DRIVE 0.45 V 
. WF024230 


C. ALL pins except BACK, DREQ1, DREQ2, RESET, INTACK, and EOP. 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 


TIMING FOR UDC AS BUS MASTER 


Description 


lock Cycle Time 





Preliminary 


to) 
a 


NIN 
o|oO 


[@) 
Ww) 
on 
oO 
— 
fez) 
a 
= 
f=} 
oO 


TwCh {Clock Width (HIGH) 105 
Twcl [Clock Width (LOW) 105 


Qa 


lock Fall Time 


T. lock Rise Time 


Tdc(AUv) [Clock RE to Upper Address (Ajg-A23) Valid Delay 


*C 
rc 


QO 
+ 


: i) 

a rs) 

a ro) 
ra) 


= 
oO 


= 
as>);a 
Q\Q 
>|> 
cle 
ae a 





Clock RE to Upper Address Valid Hold Time 
dC(ST) Clock RE to R/W and B/W Valid Delay 

TdC(A) {Clock RE to Lower Address (Ag-A15) Valid Delay 
TdC(Az) [Clock RE to Lower Address (Ag-A15) Float Delay 
TdC(ALr) ——|Clock RE to ALE RE Delay 

TdC(AL) [Clock FE to ALE FE Delay 

TdC(DS) __|Clock RE to DS (Read) FE Delay 

dC(DSf) Clock FE to DS (Write) FE Delay 

TdC(DSr) Clock FE to DS RE Delay 

[TdC(00) [Clock RE to Data Out Valid Delay 

TsDKC) [Data in to Clock FE Set-up Time 

TdA(AL) —_—_—‘[Address Valid to ALE FE Delay 

ThAL(A) {ALE FE to Lower Address Valid Hold Time 
TwAL {ALE Width (HIGH) 

TdAz(DS) —_|Lower Address Float to DS LOW Delay 
TdAL(DS) [ALE FE to DS (Read) FE Delay 

TdAL(DI) [ALE FE to Data in Required Valid Delay ee ES ea Es 


=| 





aya 
a 
Q 
& 


=o 
Qa 
Q 
> 
SS 


os 


ao 
n 
g 
ke) 


ho 
_ So 
o So 
Oo 


b a xin 
oO uo o1o 
ie) N Alo] % al, 
i=) oO oO};o!]o ani, o 


ao} np 


ays 


Bi 
a 
wo 
a 


=T 


4 
7 
0 
1 
3 
4 
5 
7 
8 
9 
1 
7 
8 
3 
4 
5 
6 
7 
0 


{ 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
3 
3 
3 
3 
3 
4 
4 





pj} a HPAP APA - £4] 
aya oO};alTo;o ° o 


TdA(DI) ——*fAddress Valid to Data in Required Valid Delay | = ato | — sf 305 | | 20 | 

TADS(A) ——|D RE to Address Active Delay Ey eae en eee 

Tabs(ay [OS RE 10 ALE AL Delay fef[ [of [ol | 

TdA(DS) ‘Address Valid to DS (Read) FE Delay | 160} | fs | sof | 
TdDO(DSr) _[Data Out Valid to DS RE Delay } 230 | = { 150 | =| 125 | 
JTADO(DSf) [Data Out Valid to DS FE Delay 55. ees zo, i 
ThDS(DO) —_|DS RE to Data Out Valid Hold Time es: Pe oe habe fe ai 
TaDs(o!) =~ | (Read) FE to Data in Required Valid Delay ff 205 ff 155 | | 125 | 
THOI(OS) __ [DS RE to Data in Hold Time eae he ae ae 

TwOSmw DS (Write) Width (LOW) } 185 | =| 110 | ~~] 105 | 

TwOSmr [OS (Read) Wath (LOW) ars |_| 220 | [160 |_| 
Tac(R8) [Clock FE fo AGEN AE Delay ee 
IThDS(ST) [DS RE to B/W, N/S, R/W and M/IO Valid Hold Time | 70 | | 45 | | 40 | | 
TAC(TRA) [Clock RE to TBEN or RBEN FE Delay | [| eo} | eo | | 50 | 

TdC(ST) __—|[Clock RE to M/IO and N/S Valid Delay | f{ 9 { | 75] | 65 | 

/W, M/IO, B/W and N/S Valid to ALE FE Delay Feo | {| 35 {| {| 2] | 

42__|TswT(0)___WATT to Glock FF Sotup Time ——=——Ss—SCSCiT |] df | | od 
p43 [ThwT) [WATT 0 Glock FE Ho Time ——S—SC~C~rSC | dT oP Cd | 
ON 
45 _TsDRG®)__|OREG Vaid to Glock RE Setup Time ————*it |__| so] {| 
46 _|TORG(C) [Clock RE to DREG Vaid Ho me +t 2 | || || 
47 __[fécinty [Cock FE to INT FE Delay 0 tc 50 105 | 


*These must not occur simultaneously. 
Note: RE = rising edge 
FE = falling edge 
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Am9516A CLOCK-CYCLE-TIME-DEPENDENT CHARACTERISTICS 


The parameters listed below are also shown in the Switching specification. However, they are dependent on the actual values of 
the clock periods. The equations below define that dependence so that the exact limit for these parameters may be determined for 
any given system in relation to its specific clock characteristics. 


[number [Parameters | ————~—ierivation 
P19 [that ay_——*d ose wr FE @ OTe 
[2 rao) i neo COCSC“C~“~*~*~*S 
Prans(ay_——S—idp osteo wise oS 
Pras (al) ostec= #40 wre) 


NOTE: tr (nominal) = 10ns 
#32 CLCK RE to Data Out Not Valid Delay = 20ns (4 and 6 MHz) 
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WAIT Timing 


nee XXX XK YY KY YX XXKKXKK YX) Y KNX Y XXX XX OOO Oe VYVVY XX YY YYYY Y 
RRM OO) ROE 


WF007680 


Sampling DREQ During Single Transfer DMA Operations 


READ OR FLYBY LAST ACCESS OF 
OMA ITERATION OMA ITERATION 
4+ T2 TWA or Taf T3 Tip 


(NOTE 1) - ®) -e (NOTE 2) 


j—— Tw ord ——| (4) 


WF007670 


Notes: 1. HIGH-to-LOW DREQ transitions will only be recognized after the HIGH-to-LOW transition of the clock 
during T; of a read or flyby DMA iteration. 

2.A HIGH-to-LOW DREQ transition must meet the conditions in Note 1 and must occur TsDRQ(c) before 
state T3 of the last access of the DMA iteration if the channel is to retain bus control and immediately 
start the next iteration. DREQ may go HIGH before TsDRQ(c) if it has met the TwDRQ parameter. 

3.Flyby and Search transactions have only a single access; parameter TsDRQ(c) should be referenced to 
the start of Tg of the access. All other operations will always have two or three accesses per iteration. 
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SWITCHING CHARACTERISTICS 
UDC AS BUS SLAVE BUS EXCHANGE 


faa eae Description 


[61 [rain(O0) | NTACK FE to Data Oulput Valid Delay ——~s 
[62 fraiN(O0x)_[INTACK RE to Data Output Float Delay 
[63 _[Tads(00) [DS FE (OA) to Data Output Driven Delay ___—_—| 
[65 ffs01(05)_— [Data Vatid to. BS RE (1OW) Setup Time ——— 
. | 
BS neo 


eS 
eae 
} | 135 
Rico 
0 
| 20 | 
| 20 | 
| 10 | 


cal 
TWIN 
70 |ThDS(PD) —_— [DS RE to P/D Valid Hold Time 
P/D Valid to DS FE Set-up Time (IOR) 

a repos) fe Valid to DS FE Set-up Time (IOW) 
72 
73 
74 
75 
76 
77 
73 
73 

a1 
[82 [TaneS(CTRa) (Reset) FE to Control Bus Float Delay ———=d 
[83 fTaRES(OS2) (Reset) FE to DS Float Doay ———S~CS—~—SSC‘i 
[a4 frseW(08) __|A/W Valid to DS FE Sotup Time om ——~+dti2.—| 
[05 [mos(w) [DS AE to R/W Vaid Hold Time fom +f -1 |__| 
26 [TsAWi0S) _|R/W Vaid to DS FE Setup Time on) ‘| 20 |__| 20 | 
[e7_[mnostAw) [OS RE to A/W Vaid Hold Time (OR) | 20 | | 20 | 


*2000ns for slow readable registers (worst case) 
Note: RE = rising edge 
FE = falling edge 


67 


= 
OD 
na 


4 

150 | 
10 

50 | 

20] 

pate | | atee | 


b 
H 


wo 

3 8 

aro 
= — = 
° a S 
3 ra) n 


c 


= _ 
Nio a 


SWITCHING CHARACTERISTICS 
UDC-PERIPHERAL INTERFACE 


| rtitnary 


bos eee Description min | max | min | Max 
Clock RE to Pulsed DACK FE Delay 
[8 owt yates On aes 
Clock RE to Pulsed DACK RE Delay 
Me ae ee [ae 
DS RE to Pulsed DACK RE Delay 
[8 ose mot Foy ransacon On) ce pe se 
[95 fTDAD_____[Giosk RE to Lovel DACK Vala Delay [00 |__| 
| 94 {TDAH Clock FE to Level DACK Valid Hold Time | = | too | | 85 | 
| 95 fTEIDL Clock FE to Internat EOP LOW Delay | | 110 | | 90 | 
| 96 | TEIDH Clock FE to Internal EOP RE Delay fe: tf 40. [t= —- I 80° J 
07 «TES External EOP Valid to Clock RE Set-up 
Time During Operation 
| 98 |TEW External EOP Pulse Width Required During Operation | 20 | | 20 | | 
| 99 |TES(BH) External EOP Valid to Clock RE Set-up Time During Bus Hold] 10 | | 10 | | 
p20] fz] 


TEW(BH) External EOP Pulse Width Required During Bus Hold 


Note: RE = rising edge 
FE = falling edge 
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AC Timing when UDC is a Bus Master 
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READ CYCLE WRITE CYCLE 
Ta 


ADORESS 


i aa 
oe 


AA\/ WY \ YY A A\/ VS 
wat ORO ET x sa ARAN SY Oy MUN Uniiiee REY 


9.9,0,0.0 0.0.0.0 0.9 


ROKK KKK 


AT AY) RK KK RO ARK KRRRRARRK KY 


@) 


WF007711 
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AC Timing when UDC is a Bus Slave 


Am9516A 


WF007720 


ae a 


WF007730 





2-118 


Am9517A/8237A‘ 


Multimode DMA Controller 


DISTINCTIVE CHARACTERISTICS 


Four independent DMA channels, each with separate 
registers for Mode Control, Current Address, Base 
Address, Current Word Count and Base Word Count 
Transfer modes: Block, Demand, Single Word, Cascade 
Independent Autoinitialization of all channels 
Memory-to-memory transfers 

Memory block initialization 

Address increment or decrement 

Master system disable 

Enable/disable control of individual DMA requests 
Directly expandable to any number of channels 


End of Process input for terminating transfers 
Software DMA requests 

Independent polarity control for DREQ and DACK sig- 
nals 

Compressed timing option speeds transfers - up to 
2.5M bytes/second 

+5 volt power supply 

Advanced N-channel silicon gate MOS technology 
40-pin Hermetic DIP package, 44-pin PLCC package 
New 9517A-5 5MHz version for higher speed CPU 
compatability 


GENERAL DESCRIPTION © 


The Am9517A/8237A Multimode Direct Memory Access 
(DMA) Controller is a peripheral interface circuit for micro- 
processor systems. It is designed to improve system 
performance by allowing external devices to directly trans- 
fer information to or from the system memory. Memory-to- 
memory transfer capability is also provided. The Am9517A/ 
8237A offers a wide variety of programmable control 
features to enhance data throughput and system optimiza- 
tion and to allow dynamic reconfiguration under program 
control. 


The Am9517A/8237A is designed to be used in conjunc- 
tion with an external 8-bit address register such as the 


Am74LS373. It contains four independent channels and 
may be expanded to any number of channels by cascading 
additional controller chips. 


The three basic transfer modes allow programmability of 
the types of DMA service by the user. Each channel can be 
individually programmed to Autoinitialize to its original 
condition following an End of Process (EOP). 


Each channel has a full 64K address and word count 
capability. An external EOP signal can terminate a DMA or 
memory-to-memory transfer. This is useful for block search 
or compare operations using external comparators or for 
intelligent peripherals to abort erroneous services. 


VZec8/VZLS6wiy 
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*The 8237A is an AMD-invented device more commonly referred to as the Am9517A. 
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CONNECTION DIAGRAMS 
Top View 


A7 

AG 

AS 

A4 
EOP 
A3 

A2 

Al 

AO 
VCC (+5V) 
DBO 
OB1 
OB2 
083 
084 
DACKO 
DACK1 
085 
OBE 
DB7 


C0005072 


Note: Pin 1 is marked for orientation. 
*See Note 11 under DC Characteristics table. 
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ORDERING INFORMATION 
Am9517A 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is formed by 
a combination of: a. Device Number 
b. Speed Option (if applicable) 
c. Package Type * 
d. Temperature Range 
e. Optional Processing 


VZEz8/VZLS6wy 


AM9517A =4 D 


. OPTIONAL PROCESSING 
Blank = Standard processing 
B = Burn-in 


. TEMPERATURE RANGE* 
C =Commercial (0 to + 70°C) 
| = Industrial (-40 to + 85°C) 





. PACKAGE TYPE 
P = 40-Pin Plastic DIP (PD 040) 
D = 40-Pin Ceramic DIP (CD 040) 
J = 44-Pin Plastic Leaded Chip Carrier 
(PL 044) 


. SPEED OPTION 
-4=4 MHz 
-5=5 MHz 


a. DEVICE NUMBER/DESCRIPTION 
Am9517A 
Multimode DMA Controller 


Valid Combinations 
Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
la ae combinations, to check on newly released combinations, and 
to obtain additional data on AMD's standard military grade 
products. 





*This device is also available in Military temperature range. 
See MOS Microprocessor and Peripheral Military Handbook 
(Order #09275A/0) for electrical performance characteris- 
tics. 
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ORDERING INFORMATION (Cont'd.) 
8237A 


AMD commodity products are available in several packages and operating ranges. The order number (Valid Combination) is formed 
by a combination of: a. Temperature Range 

b. Package Type 

c. Device Number 

d. Speed Option 

e. Optional Processing 


8237A 5 


. OPTIONAL PROCESSING 
Blank = Standard Processing 
B = Burn-in 


. SPEED OPTION 
-4=4 MHz 
-5=5 MHz 


. DEVICE NUMBER/DESCRIPTION 
8237A 
Multimode DMA Controller 


. PACKAGE TYPE 
P = 40-Pin Plastic DIP (PD 040) 
D = 40-Pin Ceramic DIP (CD 040) 


. TEMPERATURE RANGE 
Blank = Commercial (0 to + 70°C) 


Valid Combinations 
Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 


Po 8237A-4B combinations, to check on newly released valid combinations, 
8237A-5B 


and to obtain additional data on AMD's standard military 
grade products. 





2-122 


PIN DESCRIPTION 


| Pinwo | name | vo | scription 


[st cc | Power: +5 Voit supply, 
Ei (a a LS (5 ys a a ge ce 


CLK Clock Input: Clock Input controls the internal operations of the Am9517A/8237A and its rate of data 
transfers. The input may be driven at up to 3MHz for the standard Am9517A/8237A and up to 
5MHz for the Am9517A-5/8237A-5. 

ans ee 


Chip Select: Chip Select is an active low input used to select the Am9517A/8237A as an I/O device 
during the Idle cycle.This allows CPU communication on the data bus. 


RESET Reset: Reset is an active high input which clears the Command, Status, Request and Temporary 
registers. It also clears the First/Last Flip/Flop and sets the Mask register. Following a Reset the 
device is in the Idle cycle. 

READY Ready: Ready is an input used to extend the memory read and write pulses from the Am9517A/ 
8237A to accommodate slow memories or I/O peripheral devices. Ready must not make transitions 
during its specified setup/hold time. 

7 HACK Hold Acknowledge: The active high Hold Acknowledge from the CPU indicates that it has 
relinquished control of the system buses. 


19-16 DREQO-DREQ3 DMA Request: The DMA Request lines are individual asynchronous channel request inputs used by 
peripheral circuits to obtain DMA service. In Fixed Priority, DREQO has the highest priority and 
DREQ3 has the lowest priority. A request is generated by activating the DREQ line of a channel. 
DACK will acknowledge the recognition of DREQ signal. Polarity of DREQ is programmable. Reset 
initializes these lines to active high. DREQ must be maintained until the corresponding DACK goes 
active. 

DBO-DB7 DATA Bus: The Data Bus lines are bidirectional three-state signals connected to the system data 
bus. The outputs are enabled in the Program condition during the !/O Read to output the contents 
of an Address register, a Status register, the Temporary register or a Word Count register to the 
CPU. The outputs are disabled and the Inputs are read during an !/O Write cycle when the CPU is 
programming the Am9517A/8237A control registers. During DMA cycles the most significant 8 bits 
of the address are output onto the data bus to be strobed into an external latch by ADSTB. In 
memory-to-memory operations, data from the memory comes into the Am9517A/8237A on the 
data bus during the read-from-memory transfer. In the write-to-memory transfer, the data bus 
outputs place the data into the new memory location. 


1/O Read: I/O Read is a bidirectional active low three-state line. In the Idle cycle, it is an input 
contro! signal used by the CPU to read the control registers. In the Active cycle, it is an output 
control signal used by the Am9517A/8237A to access data from a peripheral during a DMA Write 
transfer. 


1/O Write: 1/O Write is a bidirectional active low three-state line. In the {die cycle, it is an input 
control signal used by the CPU to load information into the Am9517A/8237A. In the Active cycle, it 
is an output control signal used by the Am9517A/8237A to load data to the peripheral during a DMA 
Read transfer. 


End of Process: End of Process is an active low bidirectional open-drain signal. Information 
concerning the completion of DMA service is available at the bidirectional EOP pin. The Am9517A/ 
8237A allows an external signal to terminate an active DMA service. This is accomplished by pulling 
the EOP input low with an external EOP signal. The Am9517A/8237A also generates a pulse when 
the terminal count (TC) for any channel is reached. This generates an EOP signal which is output 
through the EOP Line. The reception of EOP, either internal or external, will cause the Am9517A/ 
8237A to terminate the service, reset the request, and, if Autoinitialize is enabled, to write the base 
registers to the current registers of that channel. The mask bit and TC bit in the Status word will be 
set for the currently active channel by EOP unless the channel is programmed for Autoinitialize. In 
that case, the mask bit remains unchanged. During memory-to-memory transfers, EOP will be 
output when the TC for channel 1 occurs. EOP should be tied high with a pull-up resistor if it is not 
used to prvent erroneous end of process inputs. 


Address: The four least significant address lines are bidirectional three-state signals. In the Idle 
cycle, they are inputs and are used by the CPU to address the registers to be load or read. In the 
Active cycle, they are outputs and provide the lower 4 bits of the output address. 


Address: The four most significant address lines are three-state outputs and provide 4 bits of 
address. These lines are enabled only during DMA service. 


Hold Request: This is the Hold Request to the CPU and is used to request control of the system 
bus. If the corresponding mask bit is clear, the presence of any valid OREQ causes the Am9517A/ 
8237A to issue the HRQ. After HRQ goes active, at least one clock cycle (TCY) must occur before 
HLDA goes active. 


DMA Acknowledge: DMA Acknowledge is used to notify the individual peripherals when one has 
been granted a DMA cycle. The sense of these lines is programmable. Reset initializes them to 
active low. 


Address Enable. Address Enable enables the 8-bit latch containing the upper 8 address bits onto 
the system address bus. AEN can also be used to disable in other system bus drivers during DMA 
transfers. AEN is active-high. 


Address Strobe. The active-high Address Strobe is used to strobe the upper address byte into an 
external latch. 

Memory Read: The Memory Read signal is an active low three-state output used to access data 
from the selected memory location during a DMA Read or a memory-to-memory transfer. 


Memory Write: The Memory Write signal is an active low three-state output used to write data to the 
selected memory location during a DMA Write or a a memory-to-memory transfer. 


*Applies to DIPs only. 
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Am9517A/8237A 


| Name | Size | Number _| 
[Base Addross Resistors | teots | | 
[Base Word Count Registers [16 bie |__| 
[Curent Adéress Registers | 16 bis [4 
[Curent Word Count Registers | 1ebie [4 
FFemporary Address Register | 16 bts | __1 _ 


Fremporary Word Count Register | 16 bie [1 _| 
i 
[Command Regier ___+| ebis | + 
FTemporary Resistor |e bte [1 
Mode Registers ——=«|'~— bite —| SC 

aes ee 

Falah Taal 


Request Register | 4bits | 


Am9517/8237A Internal Registers. 


DETAILED DESCRIPTION 


The Am9517A/8237A block diagram includes the major logic 
blocks and all of the internal registers. The data interconnec- 
tion paths are also shown. Not shown are the various control 
signals between the blocks. The Am9517A/8237A contains 
344 bits of internal memory in the form of registers. The table 
shown above lists these registers by name and shows the size 
of each. A detailed description of the registers and their 
functions can be found under Register Description. 


The Am9517A/8237A contains three basic blocks of control 
logic. The Timing Contro! block generates internal timing and 
external control signals for the Am9517A/8237A. The Pro- 
gram Command Control block decodes the various commands 
given to the Am9517A/8237A by the microprocessor prior to 
servicing a DMA Request. It also decodes each channel's 
Mode Control word. The Priority Encoder block resolves 
priority contention among DMA channels requesting service 
simultaneously. 


The Timing Control block derives internal timing from the clock 
input. In Am9080A systems this input will usually be the ¢2 
TTL clock from an Am8224. However, any appropriate system 
clock will suffice. 


DMA Operation 


The Am9517A/8237A is designed to operate in two major 
cycles. These are called Idle and Active cycles. Each device 
cycle is made up of a number of states. The Am9517A/8237A 
can assume seven separate states, each composed of one 
full clock period. State | (SI) is the inactive state. It is entered 
when the Am9517A/8237A has no valid DMA requests 
pending. While in SI, the DMA controller is inactive but may be 
in the Program Condition, being programmed by the proces- 
sor. State 0 (SO) is the first state of a DMA service. The 
Am9517A/8237A has requested a hold but the processor has 
not yet returned an acknowledge. An acknowledge from the 
CPU will signal that transfers may begin. S1, S2, S3, and S4 
are the working states of the DMA service. If more time is 
needed to complete a transfer than is available with normal 
timing, wait states (SW) can be inserted before S4 by the use 
of the Ready line on the Am9517A/8237A. 


Memory-to-memory transfers require a read-from and a write- 
to-memory to complete each transfer. The states, which 
resemble the normal working states, use two digit numbers for 
identification. Eight states are required for each complete 
transfer. The first four states (S11, S12, $13, $14) are used for 
the read-from-memory half and the last four states (S21, S22, 
$23 and S24) for the write-to-memory half of the transfer. The 
Temporary Data register is used for intermediate storage of 
the memory byte. 


Idle Cycle 


When no channel is requesting service, the Am9517A/8237A 
will enter the Idle cycle and perform ''SI'' states. In this cycle 
the Am9517A/8237A will sample the DREQ lines every clock 
cycle to determine if any channel is requesting a DMA service. 
The device will also sample CS, looking for an attempt by the 
microprocessor to write or read the internal registers of the 
Am9517A/8237A. When CS is LOW and HACK is LOW, the 
Am9517A/8237A enters the Program Condition. The CPU can 
now establish, change or inspect the internal definition of the 
part by reading from or writing to the internal registers. 
Address lines AO-A3 are inputs to the device and select which 
registers will be read or written. The [OR and [OW lines are 
used to select and time reads or writes. Due to the number 
and size of the internal registers, an internal flip/flop is used to 
generate an additional bit of address. This bit is used to 
determine the upper or lower byte of the 16-bit Address and 
Word Count registers. The flip/flop is reset by Master Clear or 
Reset. A separate software command can also reset this flip/ 
flop. 


Special software commands can be executed by the 
Am9517A/8237A in the Program Condition. These commands 
are decoded as sets of addresses when both CS and IOW are 
active and do not make use of the data bus. Functions include 
Clear First/Last Flip/Flop and Master Clear. 


Active Cycle 


When the Am9517A/8237A is in the idle cycle and a channel 
requests a DMA service, the device will output a HREQ to the 
microprocessor and enter the Active cycle. It is in this cycle 
that the DMA service will take place in one of four modes: 


Single Transfer Mode: In Single Transfer mode, the 
Am9517A/8237A will make a one-byte transfer during each 
HREQ/HACK handshake. When DREQ goes active, HREQ 
will go active. After the CPU responds by driving HACK active, 
a one-byte transfer will take place. Following the transfer, 
HREQ will go inactive, the word count will be decremented 
and the address will be either incremented or decremented. 
When the word count goes to zero, a Terminal Count (TC) will 
cause an Autoinitialize if the channel has been programmed to 
do so. 


To perform a single transfer, DREQ must be held active only 
until the corresponding DACK goes active. If DREQ is held 
continuously active, HREQ will go inactive following each 
transfer and then will go active again and a new one-byte 
transfer will be made following each rising edge of HACK. In 


_ 8080A/Am8080A systems, this will ensure one full machine 
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cycle of execution between DMA transfers. Details of timing 
between the Am9517A/8237A and other bus control proto- 
cols will depend upon the characteristics of the microproces- 
sor involved. 


Block Transfer Mode: In Block Transfer mode, the 
Am9517A/8237A will continue making transfers until a TC 
(caused by the word count going to zero) or an external End of 
Process (EOP) is encountered. DREQ need be held active 
only until DACK becomes active. An Autoinitialize will occur at 
the end of the service if the channel has been programmed for 
it. 


Demand Transfer Mode: In Demand Transfer mode the 
device will continue making transfers until a TC or external 
EOP is encountered or unti! DREQ goes inactive. Thus, the 
device requesting service may discontinue transfers by bring- 
ing DREQ inactive. Service may be resumed by asserting an 
active DREQ once again. During the time between services 
when the microprocessor is allowed to operate, the intermedi- 
ate values of address and word count may be read from the 
Am9517A/8237A Current Address and Current Word Count 











registers. Autoinitialization will only occur following a TC or 
EOP at the end of service. Following Autoinitialization, an 
active-going DREQ edge is required to initiate a new DMA 
service. 


Cascade Mode: This mode is used to cascade more than one 
Am9517A/8237A together for simple system expansion. The 
HREQ and HACK signals from the additional Am9517A/ 
8237A are connected to the DREQ and DACK signals of a 
channel of the initial Am9517A/8237A. This allows the DMA 
requests of the additional device to propagate through the 
priority network circuitry of the preceding device. The priority 
chain is preserved and the new device must wait for its turn to 
acknowledge requests. Since the cascade channel in the 
initial device is used only for prioritizing the additional device, it 
does not output any address or control signals of its own. 
These would conflict with the outputs of the active channel in 
the added device. The Am9517A/8237A will respond to 
DREQ with DACK but ail other outputs except HREQ will be 
disabled. 


Figure 1 shows two additional devices cascaded into an initial 
device using two of the previous channels. This forms a two 
level DMA system. More Am9517A/8237As could be added at 
the second level by using the remaining channels of the first 
level. Additional devices can also be added by cascading into 
the channels of the second level devices forming a third level. 
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Figure 1. Cascaded Am9517A/8237As 


Transfer Types 


Each of the three active transfer modes can perform three 
different types of transfers. These are Read, Write and Verify. 
Write transfers move data from an !/O device to the memory 
by activating IOR and MEMW. Read transfers move data from 
memory to an I/O device by activating MEMR and IOW. Verify 
transfers are pseudo transfers; the Am9517A/8237A operates 
as in Read or Write transfers generating addresses, respond- 
ing to EOP, etc. However, the memory and I/O control lines 
remain inactive. 


Memory-to-Memory: The Am9517A/8237A includes a block 
move capability that allows blocks of data to be moved from 
one memory address space to another. When Bit CO in the 
Command register is set to a logical 1, channels 0 and 1 will 
operate as memory-to-memory transfer channels. Channel 0 
forms the source address and channel 1 forms the destination 
address. The channel 1 word count is used. A memory-to- 
memory transfer is initiated by setting a software DMA request 
for channel 0. Block Transfer Mode should be used for 
memory-to-memory. When channel 0 is programmed for a 
fixed source address, a single source word may be written into 
a block of memory. 


















When setting up the Am9517A/8237A for memory-to-memory 
operation, it is suggested that both channels 0 and 1 be 
masked out. Further, the channel 0 word count should be 
initialized to the same value used in channel 1. No DACK 
outputs will be active during memory-to-memory transfers. 


The Am9517A/8237A will respond to external EOP signals 
during memory-to-memory transfers. Data comparators in 
block search schemes may use this input to terminate the 
service when a match is found. The timing of memory-to- 
memory transfers may be found in Timing Diagram 2. 


Autoinitialize: By programming a bit in the Mode register, a 
channel may be set up for an Autoinitialize operation. During 
Autoinitialization, the original values of the Current Address 
and Current Word Count registers are automatically restored 
from the Base Address and Base Word Count registers of that 
channel following EOP. The base registers are loaded simulta- 
neously with the current registers by the microprocessor and 
remain unchanged throughout the DMA service. The mask bit 
is not set by EOP when the channel is in Autoinitialize. 
Following Autoinitialize the channel is ready to repeat its 
service without CPU intervention. 


Priority: The Am9517A/8237A has two types of priority 
encoding available as software selectable options. The first is 
Fixed Priority which fixes the channels in priority order based 
upon the descending value of their number. The channel with 
the lowest priority is 3 followed by 2, 1 and the highest priority 
channel, 0. 


The second scheme is Rotating Priority. The last channel to 
get service becomes the lowest priority channel! with the 
others rotating accordingly. With Rotating Priority in a single 
chip DMA system, any device requesting service is guaranteed 
to be recognized after no more than three higher priority 
services have occurred. This prevents any one channel from 
monopolizing the system. 





tst Service 2nd Service 3rd Service 
highest 0 2 —e—— service 3 ~e—— service 
| —a— service 3 —e— request 0 
2 Sed 1 
lowest 3 1 2 
TBOO0008 


The priority encoder selects the highest priority channel 
requesting service on each active-going HACK edge. Once a 
channel is started, its operation will not be suspended if a 
request is received by a higher priority channel. The high 
priority channel will only gain control after the lower priority 
channel releases HREQ. When control is passed from one 
channel to another, the CPU will always gain bus control. This 
ensures generation of rising HACK edge to be used to initiate 
selection of the new highest-priority requesting channel. 


Compressed Timing: To achieve even greater throughput 
where system characteristics permit, the Am9517A/8237A 
can compress the transfer time to two clock cycles. From 
Timing Diagram 3 it can be seen that state S3 is used to 
extend the access time of the read pulse. By removing state 
S3 the read pulse width is made equal to the write pulse width, 
and a transfer consists only of state S2 to change the address 
and state S4 to perform the read/write. S1 states will still 
occur when A8-A15 need updating (see Address Generation). 
Timing for compressed transfers is found in Timing Diagram 4. 


Extended Write: For Flyby Transactions late write is normally 
used, as this allows sufficient time for the IOR signal to get 
data from the peripheral onto the bus before MEMW is 
activated. In some systems, performance can be improved by 
starting the write cycle earlier. This is especially true for 
memory-to-memory transactions. 
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Address Generation: To reduce pin count, the Am9517A/ 
8237A multiplexes the eight higher order address bits on the 
data lines. State S1 is used to output the higher order address 
bits to an external latch from which they may be placed on the 
address bus. The falling edge of Address Strobe (ADSTB) is 
used to load these bits from the data lines to the latch. 
Address Enable (AEN) is used to enable the bits onto the 
address bus through a 3-state enable. The lower order 
address bits are output by the Am9517A/8237A directly. Lines 
AQ-A7 should be connected to the address bus. Timing 
Diagram 1 shows the time relationships between CLK, AEN, 
ADSTB, DB0-DB7 and AO-A7. 


During Block and Demand Transfer mode services which 
include multiple transfers, the addresses generated will be 
sequential. For many transfers the data held in the external 
address latch will remain the same. This data need only 
change when a carry or borrow from A7 to A8 takes place in 
the normal sequence of addresses. To save time and speed 
transfers, the Am9517A/8237A executes S1 states only when 
updating of A8-A15 in the latch is necessary. This means for 
long services that $1 states may occur only once every 256 
transfers, a savings of 255 clock cycles for each 256 transfers. 


Register Description 


Current Address Register: Each channel has a 16-bit 
Current Address register. This register holds the value of the 
address used during DMA transfers. The address Is automati- 
cally incremented or decremented after each transfer and the 


- intermediate values of the address are stored in the Current 


Address register during the transfer. This register is written or 
read by the microprocessor in successive 8-bit bytes. It may 
also be reinitialized by an Autoinitialize back to its original 
value. Autoinitialization takes place only after an EOP. 


Current Word Count Register: Each channel! has a 16-bit 
Current Word Count register. This register should be pro- 
grammed with, and will return on a CPU read, a value one less 
than the number of words to be transferred. The word count is 
decremented after each transfer. The intermediate value of 
the word count is stored in the register during the transfer. 
When the value in the register goes to zero, a TC will be 
generated. This register is loaded or read in successive 8-bit 
bytes by the microprocessor in the Program Condition. Follow- 
ing the end of a DMA service, it may also be reinitialized by an 
Autoinitialize back to its original value. Autoinitialize can occur 
only when an EOP occurs. Note that the contents of the Word 
Count register will be FFFF (hex) following on internally 
generated EOP. 


Base Address and Base Word Count Registers: Each 
channel has a pair of Base Address and Base Word Count 
registers. These 16-bit registers store the original values of 
their associated current registers. During Autoinitialize these 
values are used to restore the current registers to their original 
values. The base registers are written simultaneously with 
their corresponding current register in 8-bit bytes during DMA, 
programming by the microprocessor. Accordingly, writing to 
these registers when intermediate values are in the Current 
registers will overwrite the intermediate values. The Base 
registers cannot be read by the microprocessor. 


Command Register: This 8-bit register controls the operation 
of the Am9517A/8237A. It is programmed by the microproces- 
sor in the Program Condition and is cleared by Reset. The 
following table lists the function of the command bits. See 
Figure 2 for address coding. 


7 6 5 4 3 2 1 0 ~—Bit Number 


0 Memory-to-memory disable 
1 Memory-to-memory enable 


Channel 0 address hold disable 
Channel 0 address hold enable 
If bitO=0 


Controller enable 
Controller disable 


Normal timing 
Compressed timing 
If bitO=1 


Fixed Priority 
Rotating Priority 


Late write selection 
Extended write selection 
lf bit3=1 


DREQ sense active high 
DREQ sense active low 


DACK sense active low 
DACK sense active high 


DF000970 


Mode Register: Each channel has a 6-bit Mode register 
associated with it. When the register is being written to by the 
microprocessor in the Program Condition, bits 0 and 1 
determine which channel Mode register is to be written to. 


7 65 43 2 1 


Channel 0 select 
Channel 1 select 
Channel 2 select 
Channel 3 select 


Verify transfer 
Write transfer 
Read transfer 
\Negal- 

If bits 6 and 7 = 11 


Autoinitialize disable 
Autoinitialize enable 


Address increment select 
Address decrement select 


0 ~*+——Bit Number 
Demand mode select 
Single mode select 
Block mode select 
11 Cascade mode select 
DFo00980 
Request Register: The Am9517A/8237A can respond to 
requests for DMA service which are initiated by software as 
well as by a DREQ. Each channel has a request bit associated 
with it in the 4-bit Request register. These are nonmaskable 
and subject to prioritization by the Priority Encoder network. 
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Each register bit is set or reset separately under software 
control or is cleared upon generation of a TC or external EOP. 
The entire register is cleared by a Reset. To set or reset a bit, 
the software loads the proper form of the data word. See 
Figure 2 for address coding. 


2 #1 #O <—«— Bit Number 


ee, 
Don’t Care 


Select channel 0 
Select channel 1 
Select channel 2 
Select channel 3 


Reset request bit 
Set request bit 
DFoo0990 


Software requests will be serviced only if the channel is in 
Block mode. When initiating a memory-to-memory transfer, 
the software request for channel 0 should be set. 


Mask Register: Each channel has associated with it a mask 
bit which can be set to disable the incoming DREQ. Each 
mask bit is set when its associated channel produces an EOP 
if the channel is not programmed for Autoinitialize. Each bit of 
the 4-bit Mask register may also be set or cleared separately 
under software control. The entire register is also set by a 
Reset. This disables all DMA requests until a clear Mask 
register instruction allows them to occur. The instruction to 
separately set or clear the mask bits is similar in form to that 
used with the Request register. See Figure 2 for instruction 
addressing. 

7 #6 


5 4 3 2 1 =O —-— Bit Number 


Se 


; Select channel O mask bit 
Don't Care 


Select channel 1 mask bit 
Select channel 2 mask bit 
Select channel 3 mask bit 


Clear mask bit 
Set mask bit 
DF001000 
All four bits of the Mask Register may also be written with a 
single command. 


7 6 5 4 3 2 14 O ~—-—Bit Number . 


ed 


Clear Channel 0 mask bit 
Don't Care 


Set Channel 0 mask bit 


Clear Channel 1 mask bit 
Set Channel 1 mask bit 


Clear Channel 2 mask bit 
Set Channel 2 mask bit 


Clear.Channel 3 mask bit 
Set Channel 3 mask bit 


DF001010 


2-127 


Status Register: The Status registers may be read out of the 
Am9517A/8237A by the microprocessor. It indicates which 
channels have reached a terminal count and which channels 
have pending DMA requests. Bits 0-3 are set each time a TC is 
reached by that channel, including after each Autoinitialization. 
These bits are cleared by Reset and each Status Read. Bits 4- 
7 are set whenever their corresponding channel is requesting 
service. 


7 6 5 4 3 2 1 =O —— Bit Number 


Channel 0 has reached TC 
Channel 1 has reached TC 
Channel 2 has reached TC 
Channel 3 has reached TC 


Channel 0 request 
Channel 1 request 
Channel 2 request 
Channel 3 request 


DF001020 


Temporary Register: The Temporary register is used to hold 
data during memory-to-memory transfers. Following the com- 
pletion of the transfers, the last word moved can be read by 
the microprocessor in the Program Condition. The Temporary 
register always contains the last byte transferred in the 
previous memory-to-memory operation, unless cleared by a 
Reset. 


Software Commands: There are three special software 
commands which can be executed in the Program Condition. 
They do not depend on any specific bit pattern on the data 
bus. The three software commands are: 


Clear First/Last Flip/Flop: This command may be issued 
prior to writing or reading Am9517A/8237A address or word 
count information. This initializes the Flip/Flop to a known 
state so that subsequent accesses to register contents by 
the microprocessor will address lower and upper bytes in 
the correct sequence. When the Flip/Flop is cleared it 
addresses the lower byte and when set it addresses the 


upper byte. 


Master Clear: This software instruction has the same effect 
as the hardware Reset. The Command, Status, Request, 
Temporary and Internal! First/Last Flip/Flop registers are 
cleared and the Mask register is set. The Am9517A/8237A 
will enter the Idle cycle. 


Clear Mask Register: This command clears the mask bits of 
all four channels, enabling them to accept DMA requests. 





VZEc8/VZLS6ewy 
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Interface Signals 


| as | a2 | ar | ao | ion | tow Span 

pao fo 0 | 0 | + _| Read Status Register SSCS 

Pao 0 ft [0 | Wite Command Regier SSS 

ema em Mc eT Cec 1 - L ERCE 
a [30 | wito Request Register ——SSSC—C—~—SCSCSC—CSCSC‘C~CSCS~S~S~*™ 

ot egal SSOSSSCSCSSCSSCSCC*d 
1 [0 [Write Sigie Mask Regier —SSSCSCSC—~—SCSCSCSCSCSY 


a 
[0 | wite Weds Register SSCS 
teat tea ee | 
[1 [0 _[Gtear Sie Pointer Fip/Flop —SCSCSCSCS~S—CSCSCSCS 
4 [0 [1 [reas Temporary Register SSCS 
A 
po fot ites SSCS 
[0 | 4 | 0 | Giear Wask Regier ——SSSSCSCS—SCSCSCSCSCSCSCSCSCS 
A a a a 
fo tea ask Register bts ——SSSCSSCSCSCSCSSSSSSS 


Figure 2. Register and Function Addressing 
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Register Operation 
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Figure 3. Word Count and Address Register Command Codes 
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APPLICATIONS INFORMATION 


Figure 4 shows a convenient method for configuring a DMA 
system with the Am9517A/8237A Controller and a micropro- 
cessor system. The Multimode DMA Controller issues a Hold 
Request to the processor whenever there is at least one valid 
DMA Request from a peripheral device. When the processor 
replies with a Hold Acknowledge signal, the Am9517A/8237A 
takes control of the Address Bus, the Data Bus and the 
Control! Bus. The address for the first transfer operation 


comes out in two bytes - the least significant eight bits on the 
eight Address outputs and the most significant eight bits on 
the Data Bus. The contents of the Data Bus are then latched 
into the Am74LS373 register to complete the full 16 bits of the 
Address Bus. The Am74LS373 is a high-speed, low power, 8- 
bit, 3-state register in a 20-pin package. After the initial 
transfer takes place, the register is updated only after a carry 
or borrow is generated in the least significant address byte. 
Four DMA channels are provided when one Am9517A/8237A 
is used. 


ADDRESS BUS AO—A15 


DBO-—DB7 


A8-A15 
OE 
Am74LS373 


>o 


cP 
8-BIT LATCH 


CONTROL 
BUS 


SYSTEM DATA 8US 


AF002181 


Figure 4. Basic DMA Configuration 
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Am9517A/8237A 


ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage temperature -65 to +150°C Commercial (C) Devices 

Voc with Respect to Vssg -0.5 to +7.0V Temperature (Ta) 0 to 70°C 
All Signal Voltages with Respect to Vsg ..-0.5V to +7.0V Supply Voltage (Vcc) 5 V 15% 
Power Dissipation (Package Limitation) Industrial (I) Devices 


Stresses above those listed under ABSOLUTE MAXIMUM Temperature (Ta) -40 to +85°C 
RATINGS may cause permanent device failure. Functionality Supply Voltage (Vcc) 5 V 10% 
at or above these limits is not implied. Exposure to absolute 

maximum ratings for extended periods may affect device Operating ranges define those limits between which the 
reliability. functionality of the device is guaranteed. 


DC CHARACTERISTICS over operating ranges unless otherwise specified. (Note 1) 


A 
ii (OH==100 wa REG Om [ 3s [| 
fa 


Output LOW Voltage IOL=3.2 mA 
Input HIGH Voltage ae een ae VCC + 0.5 Volts 
Input LOW Voltage pe eee 


Input Load Current VSS <VI<VCC 
= A 


fo= 1.0 Miz, Inputs =0 V 


\/O Capacitance 
COHREQ Output Capicitance (HREQ) fe = 1.0 MHz, Inputs = 0 V 


Notes: 
Typical values are for Ta = 25°C, nominal supply voltage and nominal processing parameters. 
Input timing parameters assume transition times of 20 ns or less. Waveform measurement points for both input and output signals are 2.0 
V for HIGH and 0.8 V for LOW, unless otherwise noted. 
Output loading is 1 Standard TTL gate plus 50 pF capacitance unless noted otherwise. 
The new TOW or MEMW pulse width for normal write will be TCY-100 ns and for extended write will be 2TCY-100 ns. The net JOR or 
MEMR pulse width for normal read will be 2TCY-50 ns and for compressed read will be TCY-50 ns. 
TDQ is specified for two different output HIGH levels. TDQ1 is measured at 2.0 V. TDQ2 is measured at 3.3 V. The value for TDQ2 
assumes an external 3.3 kQQ pull-up resistor connected from HREQ to VCC. 
DREQ should be held active until DACK is returned. 
DREQ and DACK signals may be active high or active low. 
Timing diagrams assume the active high mode. 
Output loading on the data bus is 1 Standard TTL gate plus 15 pF for the minimum value and 1 Standard TTL gate plus 100 pF for the 
maximum value. 
Successive read and/or write operations by the external processor to program or examine the controller must be timed to allow at least 
450 ns for the Am9517A-4/8237A-4, and 400 ns for the Am9517A-5/8237A-5 as recovery time between active read or write pulses. 
Parameters are listed in alphabetical order. 
Pin 5 is an input that should always be at a logic high level. 
An internal pull-up resistor will establish a logic high when the pin is left floating. Alternatively, pin 5 may be tied to VCC. 
Signals READ and WRITE refer to JOR and MEMW respectively for peripheral-to-memory DMA operations and to MEMR and IOW 
respectively for memory-to-peripheral DMA operations. 
If N wait states are added during the write-to-memory half of a memory-to-memory transfer, this parameter will increase by N (TCY). 
All output pins except HREQ. 
Because EOP high from clock high is load dependent, users wishing to test these parameters should use a 2k pull-up resistor and a tester 
with 50 pF or less load capacitance. Time constant RC = 120 ns is added to the specified number in the data sheet for testing. 





SWITCHING TEST INPUT WAVEFORM 


WF003310 





See Section 6 for Thermal Characteristics Information. 
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ACTIVE CYCLE (Notes 2, 3, 10, 11, and 12) 


Am9517A-4/8237A-4 
Parameters Description 


["TAEL__] AEN HIGH from CLK LOW (61) Delay Time —SS*dSCSCS~*dCia 
[TTAET | AEN LOW from CLK HIGH (St) Delay Time || _150 | 
/TTAFAB___|_ ADA Activa to Float Delay trom CLK HIGH |_| 
[arc | READ or WRITE Fioat from CLK HIGH Si SSS~d tO 
[“TAFDB____| DB Aatve to Float Delay rom CLK HIGH |_| 180] 
Tore | 
[TANS [08 fiom ADSTE LOW Hold Tme SiS 
/TaHW | ADR trom WRITE HIGH Hold Time | Torso | 

DAGK Valid from CLK LOW Delay Tme Sid SSSCSCid CO 
te 

EOP LOW to CLK HIGH Delay Time | | 190] 
[TAS | “ADA Stable rom GLKHIGH SCS dt] 
[TASS | D8 to ADSTS LOW Setup Time ——SCSCSCSCSC~C~S tz 
[rch | Gioek High Time (Tranattona <10nay___] 100 |__| 
P ToL | Gioek Low Time (Transtions <i0ns) | 110 | Ss 
ey GL pete Time SSSSSCS~dSC st 
[Tool] GLK HIGH to READ or WRITE LOW Dey (wie) |__| 200 
[TpcTR | _Fead HIGH trom CLK HIGH (4) Delay Time (Note 4) | | 210 | 
[~rocrw | WRITE HIGH from CLK HIGH (S4) Delay Time (Note 4) |__| 150 | 
Pee eines 
eee] 0 va tom cx HH oy Tne oe) |] ——} 
[reps | EOP LOW fom CLK LOW Setup Time ——SC~C~—~—sYSC S| 
ST 
TFAAS [ADA Float to active Delay fom CRAIGS 
| TFAC _|_-READ or WRITE Active from CLK HIGH =| | 
[TEADS [DB Float to Active Delay tom CLK HIGH _———~dtSSSSidY 
[THs "HACK Valid fo CLK HIGH Setup Time it~ | 
[Ti | Input Data rom MMA HIGH Hold Time ~*~ | 
Input Data to MEMRA HIGH Set-up Time 190 [| 
Output Data from MEMW HIGH Hold Time e200 
Output Data Valid to MEMW HIGH (Note 13) i a 
[Tas | DREQ to CLK LOW (St, S4) Setup Time Sid S| 
[TIRH [GLK te READY LOW Hold Time SSS*dS C8 
[~tRs | READY to CLK LOW Setup Time ——S<dL~— oT CC” 
[TsTt | ADSTE HIGH trom CLK HIGH Delay Tmo Sid SiC 
|_tsTt | ADSTB LOW from CLK HIGH Delay Time] tt 


Notes: See notes under DC Characteristics table. 
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SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified 


Am9517A-5/8237A-5 
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Am9517A/8237A 


SWITCHING CHARACTERISTICS over operating ranges (Cont'd.) 
PROGRAM CONDITION (Idle Cycle) (Notes 2, 3, 10, and 11) 


Am9517A-4/8237A-4 
Parameters Description 


AR AOR Valid or CS LOW to READ LOW 
TAW ADR Valid to WRITE HIGH Set-up Time 
CW CS LOW to WRITE HIGH Set-up Time 


Ww 
A 


Am9517A-5/8237A-5 


is) 


TROE 
TROF 
TRSTD 


TRSTS RESET to First IOWR 2TCY 
TRSTW RESET Pulse Width 


Ww READ Width 
A AOR from WRITE HIGH Hold Time 
Cc CS HIGH from WRITE HIGH Hold Time 


D Data from WRITE HIGH Hold Time 
Write Width 
Notes: See notes under DC Characteristics table. 


Be] 


a 


a 


= 
Oo 
sw 
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SWITCHING WAVEFORMS 


Timing Diagram 1. Active Cycle Timing Diagram 


VZE78/VZLG6Euiy 


* 


val} 


ADORESS VALID OS 


WF003300 


Note: EOP must precede AEN in single transfer mode. 
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Am9517A/8237A 


SWITCHING WAVEFORMS (Cont'd.) 
Timing Diagram 2. Memory-to-Memory 


INT EOP 


WF003320 


ror ERRNO MXKEY RRR 


WF003330 WF003340 


Timing Diagram 5. Reset Timing 


pS 
vec / 
arn: TRSTD 


TRSTW 


WF003350 
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SWITCHING WAVEFORMS (Cont'd.) 
Timing Diagram 6. Program Condition Write Timing 


V/V/\/a S\/\J\/ 
ce-o0 REX eee RY 


WF003360 


Timing Diagram 7. Program Condition Read Cycle 


KEK one mnracrane RRR 


080-087 : DATA OUT VALID D 
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Am9518/AmZ8068 


Am9518/AmZ8068 


Data Ciphering Processor 


DISTINCTIVE CHARACTERISTICS 


Encrypts and decrypts data 

Implements National Bureau of Standards standard data 
encryption algorithm. 

High-Speed Operation 

Am9518 and AmZ8068 throughput over 1.3 and 1.7M 
bytes per second, respectively. Operates at data rates 
fast enough for disk controllers, high-speed DMA, tele- 
communication channels. 

Supports three ciphering options 

Electronic Code Book for disk applications. Chain Block 
Cipher for high-speed telecommunications. Cipher 
Feedback for low-to-medium speed, byte-oriented com- 
munications. 


@ Three separate key registers on-chip 
Separate registers for encryption key, decryption key 
and master key improve system security and throughput 
by eliminating need to reload keys frequently. 

Three separate data ports provide flexible inter- 
face, improved security 

The DCP utilizes a master port, slave port and key port. 
Functions of the three ports can be programmed by the 
user to provide for simple interface to AmZ8000 and 
Am2900 systems and to provide total hardware separa- 
tion of encrypted data, clear data and keys. 


GENERAL DESCRIPTION 


The Am9518/AmZ8068 Data Ciphering Processor is an N- 
channel silicon gate LS! product containing the circuitry 
necessary to encrypt and decrypt data using the National 
Bureau of Standards encryption algorithm. It is designed to 
be used in a variety of environments, including dedicated 
controllers, communication concentrators, terminals and 
peripheral task processors in general processor systems. 


The DCP provides a high throughput rate using Cipher 
Feedback, Electronic Code Book or Cipher Block Chain 
operating modes. Separate ports for key input, clear data 
and enciphered data enhance security. 


The system communicates with the DCP using commands 
entered in the master port and through auxiliary control 
lines. Once set up, data can flow through the DCP at high 
speeds because input, output and ciphering activities are all 
performed concurrently. External DMA control can easily 
be used to enhance throughput in some system configura- 
tions. 


This device is designed to interface directly to the 
AmZ8000 CPU bus and, with a minimum of external logic, 
to the 2900, MC68000, 8086, 8085, and 8051 families of 
processors. 


BLOCK DIAGRAM 


AUXILIARY 
PORT 


DATA) wPo-tpy 


za ; KEY 


SLAVE PORT FLAG 
SLAVE PORT 


SPo-SP7 
(DATA) 
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Am9519A 


Universal Interrupt Controller 


DISTINCTIVE CHARACTERISTICS 


Eight individually maskable interrupt inputs reduce CPU 
overhead 

Unlimited interrupt channel expansion with no extra 
hardware 

Programmable 1-byte to 4-byte response provides vec- 
tor address and message protocol for 8-bit CPUs 
Rotating and fixed priority resolution logic 


Software interrupt request capability 

Common vector and polled mode options 

Automatic hardware clear of in-service interrupts re- 
duces software overhead 

Polarity control of interrupt inputs and outputs 

Reset minimizes software initialization by automatically 
generating CALL to location zero 


GENERAL DESCRIPTION 


The Am9519A Universal Interrupt Controller is a processor 
support circuit that provides a powerful interrupt structure to 
increase the efficiency and versatility of microcomputer- 
based systems. A single Am9519A manages up to eight 
maskable interrupt request inputs, resolves priorities and 
supplies up to four bytes of fully programmable response 
for each interrupt. It uses a simple expansion structure that 
allows many units to be cascaded for control of large 
numbers of interrupts. Several programmable control fea- 
tures are provided to enhance system flexibility and optimi- 
zation. 


The Universal Interrupt Controller is designed with a 
general purpose interface to facilitate its use with a wide 


range of digital systems, including most popular 8-bit 
microprocessors. Since the response bytes are fully pro- 
grammable, any instruction or vectoning protocol appropri- 
ate for the host processor may be used. 


When the Am9519A controller receives an unmasked 
interrupt request, it issues a Group Interrupt output to the 
CPU. When the interrupt is acknowledged, the controller 
outputs the one-to-four byte response associated with the 
highest priority unmasked interrupt request. The ability of 
the CPU to set interrupt requests under software control 
permits hardware prioritization of software tasks and aids 
system diagnostic and maintenance procedures. 
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Am9519A 


CONNECTION DIAGRAMS 
Top View 


VCC (+5V) 
c/5 


TACK 


ie) 


(GND) Vss PAUSE a: 


CD010650 
CD005101 


Note: Pin 1 is marked for orientation. 


ORDERING INFORMATION 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Package Type 

d. Temperature Range 

e. Optional Processing 


AM9519A -1 D Cc 


. OPTIONAL PROCESSING 
Blank = Standard processing 
B = Burn-in 


. TEMPERATURE RANGE* 
C =Commercial (0 to + 70°C) 
| = Industrial (-40 to + 85°C) 


. PACKAGE TYPE 
P = 28-Pin Plastic DIP (PD 028) 
D = 28-Pin Ceramic DIP (CD 028) 
J = 28-Pin Plastic Leaded Chip Carrier (PL 028) 


. SPEED OPTION 
~1= Faster Response Time (see Switching 
Characteristics) 


a. DEVICE NUMBER/DESCRIPTION 
Am9519A 
Universal Interrupt Controller 


Valid Combinations 
Valid Combinations list configurations planned to be supported in 


Valid Combinations 


AM9519A PC, DC, DCB, DIB, JC 
AM9519A-1 PC, DC, OCB, JC 


*This device is also available in Military temperature range. See 
MOS Microprocessors and Peripherals Military Handbook (Order 
# 09275A/0) for electrical performance characteristics. 





volume for this device. Consult the local AMD sales office to 
confirm availability of specific valid combinations, to check on 
newly released combinations, and to obtain additional data on 
AMD's standard military grade products. 
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PIN DESCRIPTION 


| Pin wo | Name | vo | Description 


ze Vcc | dF Voit Power Supply. 
el a ee ec Ne ad GIO Oe ee ee 2 eee eee 


11-4 DBO0-DB7 1/0 (Data Bus). The eight bidirectional data bus signals are used to transfer information between the 
Am9519A and the system data bus. The direction of transfer is controlled by the TACK, WR and 
RD input signals. Programming and contro! information are written into the device; status and 
response data are output by it. 

1 (Chip Select). The active low Chip Select input enables read and write operations on the data 
bus. Interrupt acknowledge responses are not conditioned by CS. 
(Read). The active low Read signal is conditioned by CS and indicates that information is to be 
transferred from the Am9519A to the data bus. 

WR (Write). The active low Write signal is conditioned by CS and indicates that data bus information 

is to be transferred from the data bus to a location within the Am9519A. 


27 c/D (Control/Data). The C/D contro! signal selects source and destination locations for data bus 
read and write operations. Data read or write transfers are made to or from preselected internal 
registers or memory locations. Control write operations load the command register and control 
read operations output the status register. 

IREQO-IREQ7 (Interrupt Request). The Interrupt Request signals are used by external devices to indicate that 
service by the host CPU is desired. IREQ inputs are accepted asynchronously and they may be 
programmed for either a HIGH-to-LOW or LOW-to-HIGH edge transition. Active inputs are 
latched internally in the Interrupt Request Register. After the IRR bit is cleared, an IREQ 
transition of the programmed polarity must occur to initiate another request. 


12 7{@) (Response In Process). Response In Process is a bidirectional signal used when two or more 
Am9519A circuits are cascaded. It permits multibyte response transfers to be completed without 
interference from higher priority interrupts. An Am9519A that is responding to an acknowledged 
interrupt will treat RIP as an output and hold it LOW until the acknowledge response is finished. 
An Am9519A without an acknowledged interrupt will treat RIP as an input and will ignore TACK 
pulses as long as RIP is LOW. The RIP output is open drain and requires an externa! pull-up 
resistor to VCC. 


(Interrupt Acknowledge). The active-low Interrupt Acknowledge line indicates that the external 
system is asking for interrupt response information. Depending on the programmed state of the 
Am9519A, it will accept 1, 2, 3 or 4 IACK pulses; one response byte is transferred per pulse. The 
first IACK pulse causes selection of the highest priority unmasked pending interrupt request and 
generates a RIP output signal. 


(Pause). The active-low Pause signal is used to coordinate interrupt responses with data bus and 
control timing. Pause goes LOW when the first ACK is received and remains LOW until RIP goes 
LOW. The external system can use Pause to stretch the acknowledge cycle and allow the 
control timing to automatically adjust to the actual priority resolution delays in the interrupt 
system. Second, third and fourth response bytes do not cause Pause to go LOW. Pause is an 
open drain output and requires an external pull-up resistor to VCC. 


(Enable Out). The active-high EO signal is used to implement daisy-chained cascading of several 
Am9519A circuits. EO is connected to the El input of the next lower priority chip. On receipt of an 
interrupt acknowledge, each EO will go inactive until it has been determined that no valid 
interrupt request is pending on that chip. If an active request is present, EO remains LOW. EO is 
also held LOW when the master mask bit is active, thus disabling all lower priority chips. 
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(Enable in). The active-high El signal is used to implement daisy-chained cascading of several 
Am9519A circuits. El is connected to EO of the next higher priority chip. It may also be used as a 
hardware disable input for the interrupt system. When Et is LOW, !ACK inputs will not affect ISR; 
however, PAUSE will go LOW until RIP goes LOW. E1 is internally pulled up to VCC so that no 
external pull-up is needed when El is not used. 


(Group Interrupt). The Group Interrupt output signal indicates that at least one unmasked 
interrupt request is pending. It may be programmed for active-high or active-low polarity. When 
active-low, the output is open drain and requires an external pull-up resistor to VCC. Since a 
glitch on GINT occurs approximately 100nsec after the last IACK pulse, this pin should not be 
connected to edge sensitive devices. 


PRODUCT OVERVIEW ISR bit must be cleared by the CPU under program control 
ae when it is desired to permit interrupts from lower priority 
Register Description devices. When the interrupt is programmed for automatic 


Interrupt Request Register (IRR): The 8-bit IRR is used to clearing, the ISR bit is automatically reset during the acknowl- 
store pending interrupt requests. A bit in the IRR is set edge sequence. All ISR bits are cleared by a reset function. 
whenever the corresponding IREQ input goes active. Bits may 
also be set under program control from the CPU, thus 
permitting software generated interrupts. IRR bits may be 
cleared under program control. An IRR bit is automatically 
cleared when its interrupt is acknowledged. All IRR bits are 
cleared by a reset function. 


Interrupt Mask Register (IMR): The 8-bit IMR is used to 
enable or disable the individual interrupt inputs. The IMR bits 
correspond to the IREQ inputs, and all eight may be loaded, 
set or cleared in parallel under program control. In addition, 
individual IMR bits may be set or cleared by the CPU. Care 
must be taken therefore when disabling a specific channel by 


Interrupt Service Register (ISR): The 8-bit ISR contains one setting its IMR bit. If that bit is causing the GINT pin to be 
bit for each IREQ input. It is used to indicate that a pending active, a lock-up condition can occur if the CPU recognizes the 
interrupt has been acknowledged and to mask all lower priority interrupt and then the Am9519A removes the request. During 
interrupts. When a bit is set by the acknowledge logic in the the IACK cycle, PAUSE will go LOW and stay LOW. The 
ISR, the corresponding IRR bit is cleared. !f an acknowledged solution is to disable CPU interrupts prior to writing to the IMR 
interrupt is not programmed to be automatically cleared, its and then re-enable them. A reset function will set all eight 
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mask bits, disabling all requests. A mask bit that is set does 
not disable the IRR, and an IREQ that arrives while a 
corresponding mask bit is set will cause an interrupt later when 
the mask bit is cleared. Only unmasked interrupt inputs can 
generate a Group Interrupt output. 


Response Memory: An 8 x 32 read/write response memory 
is included in the Am9519A. It is used to store up to four bytes 
of response information for each of the eight interrupt request 
inputs. All bits in the memory are programmable, allowing any 
desired vector, opcode, instruction or other data to be entered. 
The Am9519A transfers the interrupt response information for 
the highest priority unmasked interrupt from the memory to the 
data bus when the TACK input is active. 


Auto Clear Register: The 8-bit Auto Clear register contains 
one bit for each IREQ input and specifies the operating mode 
for each of the ISR bits. When an auto clear bit is off, the 
corresponding ISR bit is set when that interrupt is acknowl- 
edged and is cleared by software command. When an auto 
clear bit is on, the corresponding ISR bit is cleared by the 
hardware by the rising edge of the last acknowledge pulse. A 
reset function clears all auto clear bits. 


Status Register: The 8-bit Status register contains informa- 
tion concerning the internal state of the chip. It is especially 
useful when operating in the polled mode to identify interrupt- 
ing devices. Figure 1 shows the status register bit assign- 
ments. The polarity of the GINT bit 7 is not affected by the 
GINT polarity control. Bits SO-S2 are set asynchronously to a 
status register read operation. It is recommended to read the 


Pea Binary vector indicating the 


number of the highest priority 
unmasked bit that is set in IRR. 
Valid only when S7 = 0. 


Master Mask Bit 
0 Chip disarmed 
1 Chip armed 


Interrupt Mode 
O interrupt 
1 Polled 


Priority Mode 
O Fixed 
1 Rotating 


Enable Input 
0 Chip disabled 
1 Chip enabled 


Group Interrupt 
1 No unmasked 
IRR bit set 
O At feast one unmasked 
IRR bit set 


DF001250 







Figure 1. Status Register Bit Assignments 


DETAILED DESCRIPTION 


Interrupts are used to improve system throughput and re- 
sponse time by eliminating heavy dependence on software 
polling procedures. Interrupts allow external devices to asyn- 
chronously modify the instruction sequence of a program 
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register twice and to compare the binary vectors for equality 
prior to proceeding with the device service in polled mode. The 
polarity of the GINT bit 7 is not affected by the GINT polarity 
control (Mode bit 3). The Status register is read by executing a 
read operation (CS=0, RS=0) with the control location 
selected (C/D = 1). 


Mode Register: The 8-bit Mode register controls the operat- 
ing options of the Am9519A. Figure 2 shows the bit assign- 
ments for the Mode register. The five low order mode bits (0 
through 4) are loaded in parallel by command. Bits 5, 6 and 7 
are controlled by separate commands. (See Figure 4.) The 
Mode register cannot be read out directly to the data bus, but 
Mode bits 0, 2 and 7 are available as part of the Status 
register. 


Command Register: The 8-bit Command register stores the 
last command entered. Depending upon the command op- 
code, it may initiate internal actions or precondition the part for 
subsequent data bus transfers. The Command register is 
loaded by executing a write operation (WR = 0) with the 
control location selected (C/D = 1), as shown in Figure 3. 


Byte Count Register: The length in bytes of the response 
associated with each interrupt is independently programmed 
so that different interrupts may have different length re- 
sponses. The byte count for each response is stored in eight 
2-bit Byte Count registers. For a given interrupt, the Am9519A 
will expect to receive a number of [ACK pulses that equal the 
corresponding byte count and will hold RIP LOW until the 
count is satisfied. 









Priority Mode 
0 Fixed 
1 Rotating 


Vector Selection 
0 Individual vector 
1 Common vector 


Interrupt Mode 
0 Interrupt 
1 Polled 


GINT Polarity 
0 Active low 
1 Active high 


{REQ Polarity 
0 Active low 
1 Active high 


Register Preselection 
00 Interrupt service register 
01 Interrupt mask register 
10 interrupt request register 
11 Auto clear register 


Master Mask Bit 
0 Chip disarmed 
1 Chip armed 
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Figure 2. Mode Register Bit Assignments 


being executed. In systems with multiple interrupts, vectoring 
can further improve performance by allowing direct identifica- 
tion of the interrupting device and its associated service. 
routine. The Am9519A Universal Interrupt Controller contains, 
on one chip, all of the circuitry necessary to detect, prioritize 
and manage eight vectored interrupts. It includes many 


| 


options and operating modes that permit the design of 
sophisticated interrupt systems. 


Reset 


The reset function is accomplished by software command or 
automatically during power-up. The reset command may be 
issued by the CPU at any time. Internal power-up circuitry is 
triggered when VCC reaches a predetermined threshold, 
causing a brief internal reset pulse. In both cases, the resulting 
internal state of the machine is that all registers are cleared 
except the Mask register which is set. Thus, no Group 
Interrupt will be generated, and no interrupt requests will be 
recognized. The response memory and Byte Count registers 
are not affected by reset. Their contents after power-up are 
unpredictable and must be established by the host CPU during 
initialization. 

Operating Sequence 


A brief description of a typical sequence of events in an 
operating interrupt system will illustrate the general interac- 
tions among the host CPU, the interrupt controller and the 
interrupting peripheral. 


. The Am9519A controller is initialized by the CPU to custom- 
ize its configuration and operation for the application at 
hand. Both the controller and the CPU are then enabled to 
accept interrupts. 


_ 


2.One (or more) of the interrupt request inputs to the 
controller becomes active indicating that peripheral equip- 
ment is asking for service. The controller asynchronously 
accepts and latches the request(s). 


3. If the request is masked, no further action takes place. If the 
request is not masked, a Group Interrupt output is generat- 
ed by the controller. 


4. The GINT signal is recognized by the CPU which normally 
will complete the execution of the current instruction, insert 
an interrupt acknowledge sequence into its instruction 
execution stream, and disable its internal interrupt structure. 
The controller expects to receive one or more JACK signals 
from the CPU during the acknowledge sequence. 


5.When the controller receives the IACK signal, it brings 
PAUSE low and selects the highest priority unmasked 
pending request. When selection is complete, the RIP 
output is brought low and the first byte in the response 
memory associated with the selected request is output on 
the data bus. PAUSE stays low until RIP goes low. RIP stays 
low until the last byte of the response has been transferred. 








6. During the acknowledge sequence, the IRR bit correspond- 
ing to the selected request is automatically cleared, and the 
corresponding ISR bit is set by the falling edge of TACK. 
When the ISR bit is set, the Group Interrupt output is 
disabled until a higher priority request arrives or the ISR bit 
is cleared. The ISR bit will be cleared by either hardware or 
software. 


N 


. If a higher priority request arrives while the current request 
is being serviced, GINT will be output by the controller, but 
will be recognized and acknowledged only if the CPU has its 
interrupt input enabled. If acknowledged, the corresponding 
higher priority ISR bit will be set and the requests nested. 


Information Transfers 


Figure 3 shows the control signal configurations for all 
information transfer operations between the Am9519A and the 
data bus. The following conventions are assumed: RD and 
WR active are mutually exclusive; RD, WR and C/D have no 
meaning unless CS is LOW; active [ACK pulses occur only 
when CS is HIGH. 
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For reading, the Status register is selected directly by the C/D 
control input. Other internal registers are read by preselecting 
the desired register with mode bits 5 and 6, and then 
executing a data read. The response memory can be read only 
with IACK pulses. For writing, the Command register is 
selected directly by the C/D contro! input. The Mask and Auto 
Clear registers are loaded following specific commands to that 
effect. To load each level of the response memory, the 
response preselect command is issued to select the desired 
level. An appropriate number of data write operations are then 
executed to load that level. 


CONTROL INPUT 
DATA BUS 


Transfer contents of prese- 
lected data register to data 
bus 
Transfer contents of data bus 
to preselected data register 
1 Transfer contents of status 
register to data bus 
1 Transfer contents of data bus 
to command. register 
Transfer contents of selected 
X xX xX response memory location to 
data bus 


Pat x | x | x | 1 [No intormation transferred | 


Figure 3. Summary of Data Bus Transfers 



























The Pause output may be used by the host CPU to ensure that 
propertiming relationships are maintained with the Am9519A 
when IACK is active. The TACK pulse width required depends 
on several variables, including: operating temperature, internal 
logic delays, number of interrupt controllers chained together, 
and the priority level of the interrupt being acknowledged. 
When delays in these variables combine to delay selection of 
a request following the falling edge of the first [ACK, the Pause 
output may be used to extend the TACK pulse, if necessary. 
Pause will remain LOW until a request has been selected, as 
indicated by the falling edge of RIP. Typically, the internal 
interrupt selection process is quite fast, especially for systems 
with a single Am9519A, and Pause will consequently remain 
LOW for only a very brief interval and will not cause extension 
of the TACK timing. 


Operating Options 


The Mode register specifies the various combinations of 
operating options that may be selected by the CPU. It is 
cleared by power-up or by a reset command. Mode bit 0 
specifies the rotating/fixed priority mode (see Figure 2). In the 
fixed mode, priority is assigned to the request inputs based 
upon their physical location at the chip interface, with IREQO 
the highest and IREQ7 the lowest. In the rotating mode, 
relative priority is the same as for the fixed mode and the most 
recently serviced request is assigned the lowest priority. In the 
fixed mode, a lower priority request might never receive 
service if enough higher priority requests are active. In the 
rotating mode, any request will receive service within a 
maximum of seven other service cycles no matter what 
pattern the request inputs follow. 


Mode bit 1 selects the individual/common vector option. 
Individual vectoring provides a unique location in the response 
memory for each interrupt request. The common vector option 
always supplies the response associated with IREQO no 
matter which request is being acknowledged. 


Mode bit 2 specifies interrupt or polled operation. In the polled 
mode, the Group Interrupt output is disabled. The CPU may 


> 
3 
o 
a 
oi 
o 
> 





Am9519A 









read the Status register to determine if a request is pending. 
Since TACK pulses are not normally supplied in polled mode, 
the IRR bit is not automatically cleared, but may be cleared by 
command. With no JACK input, the ISR and the response 
memory are not used. An Am9519A in the polled mode has El 
connected to EO so that in multichip interrupt systems the 
polled chip is functionally removed from the priority hierarchy. 


Mode bit 3 specifies the sense of the GINT output. When 
active high polarity is selected, the output is a two-state 
configuration. For active low polarity, the output is open drain 
and requires an external pull-up resistor to provide the high 
logic level. The open drain output allows wired-or configura- 
tions with other similar output signals. 


Mode bit 4 specifies the sense of the [REQ inputs. When 
active low polarity is selected, the IRR responds to falling 
edges on the request inputs. When active high is selected, the 
IRR responds to rising edges. 


Mode bits 5 and 6 specify the register that will read on 
subsequent data read operations (C/D = 0, RD = 0). This 
preselection remains valid until changed by a reset or a 
command. 


Mode bit 7 is the master mask bit that disables all request 
inputs. It is used to disable all interrupts without modifying the 
IMR so that the previous IMR contents are valid when 
interrupts are re-enabled. When the master mask bit is LOW, it 
causes the EO line to remain disabled (LOW). Thus, for 
multiple-chip interrupt systems, one master mask bit can 
disable the whole interrupt structure. Alternatively, portions of 
the structure may be disabled. The state of the master mask 
bit is available as bit S3 of the Status register. 


Programming 


After reset, the Am9519A must be initialized by the CPU to 
perform useful work. At a minimum, the master mask bit and at 
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least one of the IMR bits should be enabled. If vectoring is to 
be used, the response memory must be loaded; if not, the 
mode must be changed to a non-vectored configuration. 
Normally, the first step will be to modify the Mode register and 
the Auto clear register to establish the configuration desired 
for the application. Then the response memory and byte count 
will be loaded for those request levels that will be in use. The 
response memory for every channel must be written even if 
the channel is not used. Every byte need not be written, only 
those specified by the byte count. Finally, the master mask bit 
and at least portions of the IMR will be enabled to allow 
interrupt processing to proceed. 


Commands 


The host CPU configures, changes and inspects the internal 
condition of the Am9519A using the set of commands shown 
in Figure 4. An ''X"' entry in the table indicates a ''don't care" 
state. All commands are entered by directly loading the 
Command register as shown in Figure 3 (C/D = 1, WR= 0). 
Figure 5 shows the coding assignments for the Byte Count 
registers. (A detailed description of each command is con- 
tained in the Am9519A Application Note AMPUB-071.) 





Figure 5. Byte Count Coding 





COMMAND DESCRIPTION 


Clear IRR bit specified by B2, B1, BO 
| X {Set all IRR bits 

| BO |Set IRR bit specified by B2, B1, BO 
Ez Clear highest priority ISR bit 


| X [Clear all ISR bits 


| BO | Clear ISR bit specified by B2, B1, BO 
| MO [Load Mode register bits 0-4 with specified pattern 
| o | Load Mode register bits 5, 6 with specified pattern 


Ew a Load Mode register bits 5, 6 and set mode bit 7 

) ms | 1 { o | Load Mode register bits 5, 6 and clear mode bit 7 

| x | xX |. X__ [Preselected IMR for subsequent loading from data bus 

— x Preselected Auto Clear register for subsequent loading from data bus 


Load BY1, BYO into byte count register and preselect response memory 
level specified by L2, Li, LO for subsequent loading from data bus 


Figure 4. Am9519A Command Summary 
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APPLICATIONS 


ADDRESS BUS 


V6lseuiy 


a 
Am9519A 
GINT 


OB0—DB7 


SYSTEM DATA BUS 





AF002200 


Figure 6. Base Interrupt System Configuration 
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EO 
IREQ 







PAUSE 


INTERRUPT INTERRUPT 


REQUESTS 






SYSTEM DATA BUS (060-067) 
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Figure 7. Expanded Interrupt System Configuration 
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ABSOLUTE MAXIMUM RATINGS 


-65°C to + 150°C 
-0.5V to +7.0V 


Storage Temperature 
VCC with Respect to VSS 
All Signal Voltages 

with Respect to VSS ~0.5V to +7.0V 
Power Dissipitation (Package Limitation).................. 1.5W 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 


OPERATING RANGES 


Commercial (C) Devices 
Temperature (Ta) 
Supply Voltage (Vcc) 

Industrial (I) Devices 
Temperature (Ta) 
Supply Voltage (Vcc) 


-40 to +85°C 
5V + 10% 


Operating ranges define those limits between which the 
functionality of the device is guaranteed. 


reliability. 
DC CHARACTERISTICS over operating range. 
[Parameters | _Deserption ‘eat Gonatione [win | wax | Unite 


{OL = 3.2mA 
VOL Output Low Voltage 
lOL = 1.0mA (EO only) 


input High Volige eee Ne eG 


Input Low Voltage 
VSS <VIN < VCC | El input 
Other Inputs 
VSS < VOUT < VCC, Output Off 


Commercial 


fe = 1.0MHz 


Volts 


Volts 
Volts 


Input Load Current 
Output Leakage Current 
VCC Supply Current mA 


Output Capacitance 
Input Capacitance 
1/O Capacitance 


Ta = 25°C 


Poe | 
ore 
Eo 
P65 
Peec a 
P10 
[20 





All pins at OV 


SWITCHING TEST CIRCUIT 


TC004200 


This test circuit is the dynamic load of a Teradyne J941. 


SWITCHING TEST INPUT/OUTPUT WAVEFORM 


20 test = 2-0 
0.8 POINTS» 9g 


WF007820 





See section 6 for Thermal Characteristics Information. 
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SWITCHING CHARACTERISTICS over operating ranges (Notes 1, 2) 


Am9519A Am9519A-1 
Parameters Description 


TAVRL 


TCLPH 
TCLQV 


TEHCL 
TIVGV 


TIVIX 


TKHCH 
TKHKL 
TKHNH 
TKHQX 
TKLCL 
TKLKH 
TKUNL 
TKLPL 
TKLQV 
TKLQV1 
TPHKH 
TRHAX 
TRHQX 
TRLQV 
TRLQX 
TRLRH 
TWHAX 
TWHDX 


TWHRW Write HIGH to Read or Write LOW (Write Recovery) 


TWLWH Write LOW to Write HIGH (WR Pulse Duration) 


TKHIH 


Notes: 1. 


TAVWL 
TDOVWH 


[RIP LOW to PAUSE HIGH ote) ——SSSSSCSCSC~S~SY 


Interrupt Request Valid to Interrupt Request Don't Care 
(IREQ Pulse Duration) 


TACK HIGH to RIP HIGH (Note 5) 
TACK HIGH to IACK LOW (IACK Recovery) 
TACK HIGH to EO HIGH (Notes 6, 7) 


; : 
ACK RIP 
TACK TACK 14 
ACK 5 
ACK » fy 
ACK P 
A i . 
i 7 
lA\ 
—— - 5 


dl 
ae 
fies 7B 7 
0 


0 


5 


| 
| 
I 


375 
800 
975 
5 
7: 
175 
5 
300 
0 


0 


az 
ead 
a 
| 300 
Ld 
| 350 
BS ante 
| 100 
Peete 
| 100 
Nee | 
| 200 
ete 
ternal 
| 200 
ae 
ee 
a eet 
| 
| 
eee 
80 


Oe | 
=e 
ae 
| 200 | 
eee! 
za 
a 
| 120 
te ee 
| 20 
ey 
2B 
| 25 | 
its 02 57 
a 
| 20 
ee ad 
es 
| 250 | 
| 25 
| 25 | 
| 400 
| 250 | 
eer 


Transition abbreviations used for the switching parameter symbols include: H = HIGH, L = LOW, V = Valid, X = unknown or don't care, 
Z = high-impedance. 


TACK HIGH to GINT inactive 


. Signal abbreviations used for the switching parameter symbols include: R = Read, W = Write, Q = Data Out, D = Data In, A= Address 


(CS and C/D), K = Interrupt Acknowledge, N = Enable Out, E = Enable In, P = Pause, C = RIP. 


. During the first [ACK pulse, PAUSE will be LOW long enough to allow for priority resolution and will not go HIGH until after RIP goes 


LOW (TCLPH). 


. TKLQV applies only to second, third and fourth TACK pulses while RIP is LOW. During the first [ACK pulse, Data Out will be valid 


following the falling edge of RIP (TCLQV). 


. RIP is pulled LOW to indicate that an interrupt request_has been selected. RIP cannot be pulled LOW until El is HIGH following an 


internal delay. TKLCL will govern the falling edge of RIP when El is always HIGH or is HIGH early in the acknowledge cycle. The 
TEHCL will govern when El goes HIGH later in the cycle. The rising edge of E! will be determined by the length of the preceding 
priority resolution chain. 

RIP remains LOW until after the rising edge of the TACK pulse that transfers the last response byte for the selected IREQ. 


. Test conditions for the EO line assume an output loading of IOL=1.0 mA and IOH=-100 pA. Since EO normally only drives EI of 


another Am9519A, higher speed operations can be specified with this more realistic test condition. . 


. The arrival of IACK will cause EO to go LOW, disabling additional circuits that may be connected to EO. If no valid interrupt is 


pending, EO will return HIGH when El is HIGH. If a pending request is selected, EO will stay LOW until after the last [ACK pulse for 
that interrupt is complete and RIP goes HIGH. 


. VOH specifications do not apply to RIP, PAUSE, or to GINT when active-low. These outputs are open drain, and VOH levels will be 


determined by external circuitry. 


. TS must be HIGH for at least 100ns prior to TACK going LOW. 
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SWITCHING WAVEFORMS 


Interrupt Operations 


XXXXX VVYYYYVVYVY 
ANI SER 


IXKKKKG 7.060.066 
SKS PY) 


TAVRL 


OKKRKKRK) 
KY 


Data Bus Transfers 
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Am9520/Am9521/AmZ8065 


Burst Error Processor 


DISTINCTIVE CHARACTERISTICS 


Provides for detection and correction of burst 
errors 

Detects errors in serial data up to 585K bits long. Allows 
correction of error bursts of up to 12 bits. 
High-Speed Operation 

Effective data rates up to 20 Mbits/second for Am9520/ 
Am9521/AmZ8065 and 30 Mbits/second for -1 ver- 
sions. Fast enough for high-performance hard and soft 
disk systems. 

Selectable Industry-Standard Polynomials 

35-bit and 32-bit polynomials on Am9521. Am9520/ 
AmZ8065 additionally has popular IBM 56-bit and 48-bit 
versions. 


© Three correction algorithms provide flexibility 

Full-period clock-around method for conforming to cur- 
rent practices. Chinese remainder theorem reduces 
correction time by orders of magnitude. Reciprocal 
polynomial makes correction possible with 48-bit code. 
Designed for use in both microprogrammed and 
microprocessor disk controller systems 

Device complements both AmZ8000 and Am2g900 
microprocessor families and can also be used with other 
microprocessors. 


GENERAL DESCRIPTION 


The Burst Error Processor (BEP) provides for error detec- 
tion and correction for high-performance disk systems and 
other systems in which high-speed serial data transfer 
takes place. As data density and transfer rates increase in 
both hard and floppy disks and other storage media, error 
detection and correction become increasingly important. 
The BEP is an LSI circuit that facilitates the most common 
error detection and correction schemes accommodating 
data streams of up to 585K bits at up to 20M bits/second 
effective data rate. 


The BEP provides a choice of four standard polynomials, 
including the popular 56-bit and 48-bit versions, to satisfy a 
broad range of applications. The device divides the data 
stream by the selected polynomial using the rules of 
algebra in polynomial fields. The resulting remainder is the 
check word, which is then appended to the data for writing 
on the disk as a record. When the record is read back, the 
BEP computes the syndrome for data validation. If an error 
is detected, the location and pattern of this burst in the data 
stream is determined for corrections. 


BLOCK DIAGRAM 


RESET (MR) 
CLOCK (CP) 


FUNCTION 
SELECT (Cz-Cp) 


READ ERROR 
PATTERN (REP) 


POLYNOMIAL SHIFT 
CONTROL (P3-Pp) 


POLYNOMIAL 
SELECT (S4-So) 


DATA IN 
(D7-Do) 


ZERO DETECTION 


ALIGNMENT MONITOR 


ERROR (ER) 
ALIGNMENT EXCEPTION (AE) 
ERROR PATTERN (EP) 


PATTERN MATCH (PM4-PM2) 


DATA OUT 
(Q7-Qo) 


LOCATED ERROR 
PATTERN (LP3-LPg) 


POLYNOMIAL 
DIVIDE MATRIX 


SELECTABLE POLYNOMIAL 


DIVIDERS 
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Am9568 


Am9568 


Data Ciphering Processor 
(DCP) 


DISTINCTIVE CHARACTERISTICS 


Encrypts and decrypts data 

Implements National Bureau of Standards Data Encryp- 
tion Standard (DES) algorithm 

Throughput over 1.5M bytes per second 
Operates at data rates fast enough for disk controllers, 
high-speed DMA, telecommunication channels 
Supports three clphering options 

Electronic Code Book for disk applications, Cipher Block 
Chain for high-speed telecommunications, and Cipher 
Feedback for low-to-medium speed, byte-oriented com- 
munications 


@ Three separate key registers on one chip 
Separate registers for encryption key, decryption key 
and master key improve system security and throughput 
by eliminating need to reload keys frequently. 

Three separate data ports provide flexible inter- 
face, Improved security 

The DCP utilizes a Master Port, Slave Port and Key Port. 
Functions of the three ports can be programmed by the 
user to provide for simple interface to iAPX86 and 
Am2900 systems and to provide total hardware separa- 
tion of encrypted data, clear data and keys. 


GENERAL DESCRIPTION 


The Am9568 Data Ciphering Processor is an N-channel 
silicon gate LSI product containing the circuitry necessary 
to encrypt and decrypt data using the National Bureau of 
Standards Encryption Algorithm. It is designed to be used in 
a variety of environments, including dedicated controllers, 
communication concentrators, terminals and peripheral 
task processors in general processor systems. 


The DCP provides a high throughput rate using Cipher 
Feedback, Electronic Code Book or Cipher Block Chain 
operating modes. Separate ports for key input, clear data 
and enciphered data enhance security. 


The system communicates with the DCP using commands 
entered in the Master Port and through auxiliary control 
lines. Once set up, data can flow through the DCP at high 
speeds because input, output and ciphering activities are all 
performed concurrently. External DMA control can easily 
be used to enhance throughput in some system configura- 
tions. 


This device is designed to interface directly to the iIAPX86, 
88 CPU bus and, with a minimum of external logic, to the 
2900 and 8051 families of processors. 


BLOCK DIAGRAM 


NTExport of this device from the United 
States is subject to control by the U.S. 
Department of State. 


PARITY BIT 
PAR 


8 
wey AUX 8 AUXILIARY 
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CONTROL 
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Am9580A 


Hard Disk Controller (HDC) 


PRELIMINARY 


DISTINCTIVE CHARACTERISTICS 


Supports ST506/412 and IBM double density-floppy 
format 

Controls up to four drives, any mix of hard and floppy 
disk drives 

Two on-chip 512-byte sector buffers support zero-sector 
interleaving 

Error correct algorithms supported: 

- CRC/CCITT 


- Single-Burst Reed-Solomon 
- Double-Burst Reed-Solomon 
- External ECC (user-definable Error Correcting Code) 
@ Linked-list command and data structure 
© On-chip DMA controller supports 32-bit addressing and 
8/16-bit data 


GENERAL DESCRIPTION 


The Am9580A Hard Disk Controller (HDC) is a single-chip 
solution to the problems encountered in designing Data 
Formatters and Disk System Controllers. Together with its 
companion part, the Am9582 Disk Data Separator (DDS), 
the Am9580A provides all the functions which, until now, 
have been found only on sophisticated board-level prod- 
ucts. 


The Am9580A is flexible enough to cope with the differing 
requirements in today's broad marketplace while using the 
advanced technology and innovative features that tomor- 
row's market will demand. 


The Am9580A supports both rigid and flexible disk drives 
and their respective data formats. The Am9580A can 
control up to four drives, allowing any mix of rigid and 
flexible drives. The characteristics of each drive are inde- 
pendently user-programmable. 


A sophisticated on-chip DMA Controller fetches com- 
mands, writes status information, fetches data to be written 
on disk and writes data that has been read from disk. The 
DMA operation is programmable to adjust the bus occupan- 
cy, data bus width (8-bit or 16-bit), and Wait State insertion. 
Two sector buffers allow zero sector interleaving to access 
data on physically adjacent sectors, improving both file 
access time and system throughput. Sector sizes of 128, 
256 and 512 bytes are programmable. 


The Am9580A insures data integrity by selecting one of two 
methods: either by selecting an error detecting code (CRC- 
CCITT), or one of two error correcting codes (Single- or 
Double-Burst Reed-Solomon). Additionally, the HDC pro- 
vides handshake signals to contro! external ECC circuitry to 
implement any user-definable ECC algorithm. 


The Am9580A provides signals which are necessary to 
control external Encode/Decode and Address Mark circuit- 
ry (e.g., the Am9582). By partitioning the disk control 
system this way, future developments in the field of data 
encoding (e.g., RLL codes) will be able to take advantage 
of the HDC's advanced data formatting and contro! capabil- 
ities. 


The flexible, user-programmable disk interface can be 
configured to control ST506/412 or standard double- 
density floppy-disk interfaces. With additional circuitry, it 
can easily be adapted to other interface standards. 


The Am9580A provides a comprehensive, high-level com- 
mand set for multi-sector disk I/O, marginal data recovery, 
diagnostics, and error recovery. Commands may be finked 
together to be executed sequentially by the Am9580 
without any host intervention. This linked-list command 
structure also simplifies command insertion, deletion, or 
rearrangement. 
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Am9582 


Disk Data Separator (DDS) 


PRELIMINARY 


DISTINCTIVE CHARACTERISTICS 


Complete Single-Chip Disk Data Separator for Floppy 

Disk and Hard Disk Drives (minimal external compo- 

nents) 

Complete on-chip Phase-Locked-Loop (PLL), frequency 

may be dynamically changed 

Supports: 

- 4 to 16 Mbit/sec MFM data rate for hard disks 

~ 125 to 500 kbit/sec FM data rate for single-density 
floppy disks 


- 250 to 1000 kbit/sec MFM data rate for double- 
density floppy disks 

On-chip Write Pre-Compensation Logic (frequency pro- 

portional) 

On-chip Address Mark Generator/Detector 

One Am9582 can support both floppy- and hard-disk 

drives. The on- chip analog section can be dynamically 

switched between the two modes. No external compo- 

nent needs to be switched. 


GENERAL DESCRIPTION 


The Am9582 Disk Data Separator (DDS) is a single-chip 
solution to several functions associated with reading and 
writing data to systems having floppy- or hard-disk drives. 
The Am9582 is divided into two basic sections: the Read 
Section and the Write Section. 


The Read Section contains an on-chip Phase-Locked-Loop 
(PLL) to provide a read clock signal that tracks the FM 
(Frequency Modulation) or MFM (Modified Frequency Mod- 
ulation) serial data from the disk. The MFM or FM data is 
then fed into the MFM/FM decoder to be converted into 
NRZ (Non Return to Zero) data. A built-in Address Mark 
detector recognizes the standard address marks for both 
floppy and hard disks. 


The Write Section contains an encoder which encodes the 
incoming NRZ data and the write (reference) clock into a 


single stream of either FM or MFM encoded data. The 
Write Section also contains an Address Mark generator and 
the Write Pre-Compensation Logic. This Address Mark 
generator can generate the standard Address Marks for 
both floppy- and hard-disk data formats. Write Pre-Com- 
pensation compensates bit-shifting caused by the charac- 
teristics (pulse superpositioning) of the magnetic media. 


The Am9582 is the companion device for the Am9580A 
Hard Disk Controller or the Am9590 ESD! Hard Disk 
Controller. These chip sets provide a complete disk- 
controller solution to interface systems with ST506- or 
$T412-type hard-disk drives and floppy-disk drives. Also, 
the Am9582 can be integrated on disk drives offering a 
NRZ data interface (e.g., ESDI or SMD) to implement the 
on-drive data separator functions (MFM) or the PLL func- 
tions (RLL). 


BLOCK DIAGRAM 
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Content Addressable Data Manager 


PRELIMINARY 


DISTINCTIVE CHARACTERISTICS 


High-performance sorting, searching, and updating 
1K byte software-reconfigurable memory array 
Programmable record size 

Cascadable up to 256 devices 

Content-addressable operation, independent of record 
size 


®@ Intelligent peripheral with sixteen powerful instructions 
@ Stack mode allows inserting of data without resorting 
@ Up to 16-MHz operation 

@ CMOS technology 


GENERAL DESCRIPTION 


The Am95C85 Content Addressable Data Manager 
(CADM) is an intelligent CMOS peripheral device designed 
to enhance the performance of applications involving 
sorting, searching, and insertion or deletion. Orders of 
magnitude performance improvement can be seen when 
compared to the implementation using software algorithms. 


The CADM uses an on-chip proprietary 1K byte memory for 
data manipulation. This specially designed memory can be 
easily reconfigured to meet different application require- 
ments. The data stored in the CADM are collated into 
records that consist of a key field and a pointer field. The 
length of these two fields are software programmable. The 
sorting and searching of records are based on the values of 
the key fields. A mask register is also provided to selective- 
ly mask out unwanted bits in the key field for comparison. 
For applications that require large storage area for data 


manipulation, the CADM can be easily cascaded up to 256 
devices. 


Content-addressable operation allows the host to retrieve 
data without having to do extensive searching. Address 
generation for memory access is done internally, relieving 
the host from the burden of physical address calculation. 
Stack-mode operation allows the user to delete records 
simply by popping the records out of memory, and to insert 
records by pushing the records into the memory. 


By providing content-addressable searching, automatic 
sorting, programmable record length, and address-indepen- 
dent operation, the CADM allows the host to off-load 
repetitive, time-consuming data manipulation. For applica- 
tions that require substantial sorting, searching, and updat- 
ing operations, the CADM offers significant improvement in 
overall performance. 
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HOST INTERFACE 


CONNECTION DIAGRAM 
Top View 


NG = No Connection 
CD010442 


Note: Pin 1 is marked for orientation. 


LOGIC SYMBOL 
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ORDERING INFORMATION 
Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is formed by 
a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Package Type 

d. Temperature Range 

e. Optional Processing 


AM95C85 = 


2 a Cc B 
e. OPTIONAL PROCESSING 
Blank = Standard processing 
B = Burn-in 
d. TEMPERATURE RANGE 
C =Commercial (0 to + 70°C) 
c. PACKAGE TYPE 
J = 44-Pin Plastic Leaded Chip Carrier 
(PL 044) 
b. SPEED OPTION 


Blank = 16 MHz 
-12 =12 MHz 


a. DEVICE NUMBER/DESCRIPTION 
Am95C85 
Content Addressable Data Manager 


Valid Combinations 
Valid Combinations list configurations planned to be 
Valle): Combmations supported in volume for this device. Consult the local AMD 
JC, JCB sales office to confirm availability of specific valid 
AM95C85-12 combinations, to check on newly released combinations, and 


to obtain additional data on AMD's standard military grade 
products. 
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PIN DESCRIPTION 


Host Interface 


C/D Command/Data (Input) 
A HIGH on this input allows the command register to be 
loaded with the information on the data bus. A LOW on this 
input allows the data to be read from, or written into, the 
internal RAM. 


CS_ Chip Select (Input; Active LOW) 
The CS input enables the host CPU to perform read or write 
operations with the Am95C85 devices. The read and write 
inputs are ignored when CS is HIGH. 


Do-D7 Data Bus (Input/Output; Three State) 

The eight bidirectional data pins are used for information 
exchanges between the Am95C85 (CADM) and the host 
processor, and between CADM parts themselves. A HIGH 
on a data line corresponds to a Logic ''1,'' and a LOW 
corresponds to a Logic ''0."’ These lines act as inputs when 
WE and CS are active, and as outputs when RE and CS are 
active. Do is the least significant bit and D7 the most 
significant bit. 


DONE Done (input/Output; Active LOW, Three State) 
This signal indicates the termination of an operation, and is 
precharged to HIGH at the beginning of a new command, 
data writes, or data reads. A LOW on this output indicates 
the device is ready for the next command or data transfer. 


RE Read Enable (Input; Active LOW) 
The RE input, together with CS and C/D inputs, are used to 
control data transfer from the Am95C85 to the host. The 
Am95C85 will put the data onto the data bus when RE, CS, 
and C/D inputs are LOW. 


RST Reset (Input; Active LOW) 


A LOW on this input will reset the Am95C85. Any command 
under execution is terminated. 


STAT Status (Output; Active LOW, Three State) 
When LOW, the STAT output indicates that an exception 
condition has occurred following the execution of an 
instruction or data transfer. This pin is precharged to HIGH 
at the beginning of a new command, or when a write or read 
is initiated. 

WE Write Enable (input; Active LOW) 

The simultaneous occurrence of WE and CS indicates that 
information from the data bus is to be transferred to the 
Am95C85. The C/D input determines whether the data will 
be loaded into the command register or internal RAM. 


Chip-to-Chip Communication 


These pins are used in chip-to-chip communications in 
multiple Am95C85 memory configurations. They do not affect 
the system interface. 


GLB Global (Input/Output; Active LOW, Three State) 
This signal is used for part-to-part synchronization during 
instruction execution. All CADM devices in the same bank 
should have this pin connected together and pulled up 
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through a resistor to the power supply. This pin is 
precharged to HIGH at the beginning of a new command, or 
when a Write or Read is initiated. 


RDWN_ Receive from Downward (Input; Active HIGH) 
This pin should be connected to TUP of the next lower order 
CADM in cascade. The last chip in the daisy chain should 
have this pin pulled up to the power supply through a 
resistor. 


RUP_ Receive from Upward (Input; Active HIGH) 
This pin should be connected to TDWN of the next higher 
order CADM in cascade. The first chip in the daisy chain 
should have this pin pulled up to the power supply through a 
resistor. 


TDWN_ Transmit Downward (Output; Active HIGH) 
This signal is issued by the higher order CADM to the next 
lower order CADM, in cascade, to synchronize the chip-to- 
chip data transfer. It should be connected to RUP of the 
next lower order CADM. 


TUP Transmit Upward (Output; Active HIGH) 
This handshaking signal is issued by the lower order CADM 
to the next higher order CADM, in cascade, during chip-to- 
chip data transfer. It should be connected to RDWN of the 
next higher order CADM. 


Bank-to-Bank Control 


Bank-to-bank communication is needed when multiple banks 
of Am95C85 devices are used in a system. The CADM array 
can be grouped into multiple banks and separated by buffers. 
The following signals are used to control the direction of buffer 
signals that separate the banks. They can be left unconnected 
if only one bank is used. 


DIRD Direction of Done Signal (Output; Active LOW, 
Three State) 

This signal is used to control the direction of the circuit that 
is buffering the DONE signal. All CADMs in the same bank 
should have this pin connected together and pulled up 
through a resistor to the power supply. When driven LOW, 
this signal indicates that the CADM is driving the DONE 
signal. This pin is precharged to HIGH at the beginning of a 
new command, or when a Write or Read is initiated. 


DIRG Direction of Global Signal (Output; Active 
LOW, Three State) 
This signal is used to control the direction of the circuit that 
is buffering the GLB signal. All CADMs in the same bank 
should have this pin connected together and pulled up 
through a resistor to the power supply. When driven LOW, 
this signal indicates that the CADM is driving the GLB signal. 
This pin is precharged to HIGH at the beginning of a new 
command, or when a Write or Read is initiated. 


R/T  Receive/Transmit (Output) 
This output is driven LOW when the Am95C85 is driving the 
data bus. It should be used to control the direction of buffers 
which isolate the data bus from specific Am95C85 banks. 





FUNCTIONAL DESCRIPTION 
Introduction 


The Am95C85 Content Addressable Data Manager (CADM) is 
an intelligent peripheral device intended to relieve the host 
CPU of many of the time-consuming tasks associated with 
data-list manipulation. Sorting and finding data are tasks 
implemented by both applications software and operating 
systems. By providing these functions in hardware, which were 
previously the responsibility of software, execution time is 
reduced, This performance improvement can be 100 to 500 
times, depending upon the application. 


The 44-pin Am95C85 contains 1K byte of RAM whose 
organization is programmable. It contains a micro-engine, 
registers, pointers, and an instruction decoder. Most of these 
functions are transparent to the user. 


The Programmer's View 


Hardware 


The Am95C85 CADM interacts with the host system through 
the use of a command port, data port, and two status pins 
called STAT and DONE. Both the command and data ports 
are accessed through the single 8-bit data bus. The two ports 
are differentiated by the use of a Command/Data pin (C/D). 
The familiar signals, RE, WE, and CS are used to write and 
read data or commands. 


Data Array 


The CADM contains 1K byte of internal RAM. It consists of a 
mask area, a record area, an unused area, and an input buffer 
area as shown in Figure 1. The mask area exists only if an 
SMB command is issued. The length of the mask area is the 
same length as the key, as specified by the KPL command. 
The data stored in this area is used to select the desired bits in 
the key field for comparison during the sorting and searching 
process. Those mask bits with ''0" will cause the associated 
bits in the key field to be ignored during the comparison. The 
record space stores data as records in the CADM. This area 
starts from address ''K" if the masking option is chosen, or 
"0" if the masking option is not chosen. It ends at the last 
address as programmed by the KPL command. The length of 
this area should be a multiple of (K + P) bytes. The last (K + P) 
bytes are designated as input buffer area. They are reserved 
to temporarily store the incoming record. The remaining area 
between the record area and the input buffer is unused area 
and is not accessible by the user. This area should be kept as 
small as possible to optimize the performance of the CADM. 


The internal RAM structure, a patented AMD design, is unique 
in that the record width is controlled by the CPU, using the KPL 
command. Each record is comprised of two fields, referred to 
as a key field (K) and a pointer field (P). The KPL command 
sets the width of these two fields, then partitions the entire 
array into records, each with a length of K + P bytes. Figure 2 
shows the logical model of the CADM data array. The length of 
K may vary from 1 to 255 bytes, and P may be set between 0 
and 255 bytes. The variable record width provides significant 
flexibility that is very useful for general-purpose data manipula- 
tion. It allows complex operations, such as sort and search, to 
be performed on virtually any type of data. For example, the 
Am95C85 devices can be used to search a file-allocation table 
for a particular file address. It may then be reprogrammed to 
manipulate a disk-directory table. The Am95C85 can sort a 
database index file and is versatile enough to handle each of 
the tasks described above, even though each has a differernt 
record width. 


The maximum number of records stored in each CADM 
depends on the record width (K + P) and the value of Last 
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Address (LA). To efficiently use the memory space of the 
CADM, the LA should be programmed with the following value: 


if mask bytes are used, 

LA = {INT[(1024 - 2*K-P)/(K+P)]} * (K+P)+K-1 
if mask bytes are not used, 

LA = {INT[(1024-K-P)/(K+P)}} * (K+P)-1 


The Am95C85 array can be easily expanded if the application 
requires more record storage; up to 256 CADMs can be 
cascaded to meet the application requirements. The addition 
of hardware is transparent to software. The programmer still 
sees one command port, one data port, one STAT pin and one 
DONE pin. The only difference is that there is more record 
space for data manipulation. The number of CADM devices in 
cascade can be easily determined by reading the data port 
after a hardware or software reset. 


Addressing Flexibility 


To take advantage of the flexibility of the unique memory 
array, the Am95C85 allows several different addressing 
modes: 


1) Auto-Increment Access 

2) Stack Access 

3) Indirect Random Access 

4) Content-Addressable Access 


The programmer will first issue a command that either directly, 
or by implication, places the Am95C85 CADM in a particular 
addressing mode. For example, the command AIM allows the 
host to read or write the currently addressed location, while 
subsequent reads and writes will be to the next byte (i.e., the 
CADM auto-increments the address pointer after each data 
access). Alternatively, STK sets the Stack-Access mode, 
which means that any subsequent data access physically 
moves all data below the current location for a read or write. A 
data read pops the byte at the current location, and moves all 
the data below up. A data write pushes a byte on the array at 
the address pointer moving all the data below down. The 
Stack-Access mode allows for immediate insertion or deletion 
of records (in previously sorted data), without the need for re- 
sorting. 


The pointer into the memory array, the address pointer, is 
maintained by the Am95C85, although the programmer can 
load the address pointer through the use of the LAL (Load 
Address Long) and LAS (Load Address Short) commands. 


The Find (FND) instruction implies a Content-Addressable 
Access mode. The description of the FND command is ''set 
the address pointer to the key whose value is equal to the 
following bytes. If not present, point to the next higher value 
key."’ Following this instruction, the Am95C85 may be read to 
acquire the key plus pointer that was found. Since the FND 
instruction relies on the Am95C85 CADM data being in sorted 
order, the next section describes how a sort can be accom- 
plished. 


If more records matching a particular key value are to be 
located, additional FND commands without a key following the 
command can be issued. In this case, the value of the key 
contained in the input buffer space from the previous FND is 
used. The Address Pointer is incremented and the key 
comparisons are performed. This continues with each subse- 
quent FND. To terminate this mode of operation, for instance 
to allow a new record to be sought, a command other than 
FND or RRB should be issued. The CADMs will then expect a 
subsequent FND command to be followed by a new key for 
which to search. 
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Host-Independent Sorting 


Sorting may be accomplished on data which is in the form of a 
relational database index file. The programmer sets the length 
of the key and pointer fields by the KPL command and sets up 
K bytes of mask if the masking option is used. The data list 
may be loaded into the Am95C85 devices via DMA or slower 
programmed I/O. Two methods of sorting are possible: 


1) Load data by DMA or I/O and then issue a Sort-Off-Line 
(SOF) command. This method loads all the data first and 
then performs the sort. The CPU can be performing other 
functions during the SOF execution. DMA completion must 
be detected by software before the SOF command is 
issued. DONE must be detected after the SOF command to 
signal that the sort has been completed. 


2) Sort-On-Line (SON) command, followed by I/O or DMA 
load, allows each record to be placed in sorted order as it is 
loaded. If DMA is utilized, the CPU is free to perform other 
tasks during the entire operation. DMA complete, followed 
by DONE, defines the end of the sort. 


The DONE pin signals the acceptance of each byte of data 
and indicates the device is ready for the next byte. It also 
signals the completion of the active sort for the SOF com- 
mand. In the case of SON, after the last byte of each record is 
received, DONE is asserted after the record is merged with 
existing records. After the last record is sent to the CADM 
array, the final DONE signal represents the end of Sort On 
Line. 


The Hardware Designer's View 
Reset 


The CADM will go into the reset cycle after the hardware reset 
is asserted or a software-reset command is issued. Each 
device in an array will number itself and determine its chip 
address. The first device with RUP tied to HIGH assumes it 
has a chip address of 0, the next chip assumes an address of 
1, and so on, until the last device with RDWN tied to HIGH 
numbers itself. Completion of reset is signaled by DONE going 
LOW. After reset, the address pointer is set to the first byte 
location in the last chip. The key length, K, is set to 1; the 
pointer length, P, is set to 0, and the last address is set to 
1023. Masking is disabled. A hardware reset is required after 
power-up to bring the internal logic into a known state. 


System Interface 


All system interface signals are designed to be standard TTL 
compatible. 


The system-control signals, RE, WE, CS, and C/D are used to 
control the interface between the host and the CADM array. 
The command port access, with CS ="'LOW' and 
C/D = "HIGH," is used to send commands to the device and 
is write-only. The data port access, with CS =""LOW" and 
C/D = "LOW," is used to transfer data between the host and 
the CADM array when reading and writing. These control 
signals should be connected to all the CADM devices in 
cascade. 


The CADM data bus is used for host interface and chip-to-chip 
data transfer. Because of this, the CADM should not be 
directly connected to the host data bus. A transceiver is 
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required to isolate the CADM data bus from the host data bus 
to avoid possible contention. 


Two pins indicate the status of the Am95C85. DONE is used to 
indicate the completion of a command execution or data 
transfer. STAT going active indicates an exception condition 
following the execution of command or data transfer. The host 
should not drive the CADM data bus when DONE is inactive; 
otherwise, an unexpected outcome may occur. DONE may 
stay inactive forever if an invalid command sequence is 
issued. In this case, a reset is required to bring DONE back to 
LOW. If there is more than one CADM in cascade, the DONE 
pin from each CADM should be connected together and pulled 
up through a resistor to the power supply. Similarly, the STAT 
pin from each CADM should be connected together and also 
tied to the power supply through a pull-up resistor. 


The CLK signal should reside between 1 MHz and its 
maximum rating. 


Chip-To-Chip Communications 


During the execution of some commands, it may be necessary 
to transfer data from one chip to another. These signals, TUP, 
RUP, TOWN, RDWN, and GLB are used to perform handshak- 
ing between the devices involved in the transfer. RDWN 
should be connected to the TUP of the next lower order chip, 
and TDWN should be connected to the RUP of the next lower 
order chip. The first device should have RUP pulled HIGH 
through a resistor to the power supply as should RDWN of the 
last device. Figure 3 shows the signal connections for cascad- 
ing multiple devices. 


Bank-To-Bank Contro! 


As the number of CADMs used in the system increases, the 
capacitive load seen by each CADM device will increase. 
Depending on the system environment, up to 16 devices may 
be cascaded. If the effective load exceeds the specified test 
load, the designer will have two choices: 


1) Reduce the clock frequency to the CADM array. 


2) Insert a buffer circuit between banks of CADMs to increase 
driving capabilities. 


If Option 1 is chosen, DIRD, DIRG and T/R are not used and 
can be left unconnected. If Option 2 is chosen, DIRD, DIRG 
and T/R signals are used to control the direction of buffering 
circuitry between banks. Even if the designer chooses Option 
2, the clock frequency still has to be slowed down from its 
maximum rating because of buffer delay. The designer must 
decide which option is best suited to the system. 


Command Summary 


There are 16 commands to control the operation of the CADM. 
These commands are used to initialize the CADM, to control 
the internal pointers, to load the data, and perform sorting and 
searching. A command is loaded into the command register by 
writing an operation code into the command port. The 
command port is used to load the operation code only. For 
commands that require parameters following the command 
operation code, the parameters should be loaded through the 
data port. Commands requiring literal data are: LAS, FND, 
KPL, SMB, SON, LUD, and LAL. Table 1 summarizes the 
operation code, mnemonic, and functional description for each 
command. 









TABLE 1. COMMAND DESCRIPTIONS 


Load Address Short. Load the following two bytes of data at 
Pom [oe Age ASE)» Adar (MSE) the address pointer of the currently active device. 
| Dec | iY Decrement the address pointer by one. 


Key (MSB), ... , Key (LSB) Find the key specified following this command. Asserted STAT 
(Note 1) LOW if the key is not found. 


Ser Eel Set the address pointer to the first byte of the next record. 


a eee Restore the address pointer to the first byte of the current 
record. 
Set Auto-Increment Mode. Address pointer is incremented by 
AIM : 
one after each data read/write. 


Set Stack Mode. In Stack-Access mode, a read will pop data 

07H STK out of the data array at the address pointer and a write will 
push data into data array at the address pointer. The address 
pointer remains unchanged. 

















































| ooh fe K, P, LA (LSB), LA (MSB) Load length of key and pointer fields and set the last address 
Pointer. 
Mask (MSB), ... , Mask Set Mask Byte. The following K bytes of data will be used as 
(LSB) (Note 1) mask during sorting and searching. 
Data (MSB), ... , Data Sort On Line. The CADM will insert the record into the data 
(LSB) (Note 2) array in sorted order after the last byte of the record is loaded. 
Load Unsorted Data. Data loaded following this command will 
Data (MSB), ... , Data be placed in the locations after existing meaningful data, if 
(LSB), ... (Note 3) th : 
ere is any. 
3. 3 a Sort Off Line. Sort the existing data in the CADM in ascending 
order. 
Load Address Long. Load the following two bytes at the 
LAL a (LSB), Addr (MSB), address pointer of the chip whose number is specified by the 
Chip Addr third byte 


| of | PRE {| | Set the address pointer to the first byte of the previous record. 


| oo | oe | Got Status Full. Asserted STAT LOW if the CADM record space 


Notes: 1. Requires K Bytes following Opcode. 
2. Requires integer multiples of (K +P) Bytes. Execution begins after each (K +P) Bytes are written. 
3. Requires integer multiples of (K + P) Bytes. 
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Command Execution Time 


The execution time of each command is expressed in clock cycles per byte of transfer. The execution times are measured from WE 


or RE to DONE as shown below. 


WE or 
RE 


CADM ACTIVITY 


Clock Cycles 
Command per Byte 


LUD 


+OD DON®D NAO 


— 
o 
n 


AIM 
(Read/Write 
in AIM mode) 


KPL 
7+2*(9—x) 
5 


7 
(See Sort-Off-Line performance 
8+4*N 


Ongar NAOH 


DEC 


PRE 


RRB 
GSF 


Execution Time 


WF024170 


Conditions 


Command 
Per byte within a chip 
lf crosses chip boundary 


Command: first occurrence 
Command: all other occurrences 
Per mask byte for first k-1 bytes 
For last byte 


Command 

For first K+P-1 bytes 

For last byte (where S = binary search time; see FND perfor- 
mance equation) 


Command 
If on same chip 
lf crosses chip boundary 


Command; (+1 if only one chip in system) 

K: (+1 if user erroneously sets K = 0) 

P: where x = number of lower order zeros in K + P (binary) 
LA: (Isb) 

LA: (msb) 


equation) 


Where N = number of chips in system (Note: this applies to 
hardware and software RESETs). 


Command 
Isb 

msb 

chip 
Command 
Isb 

msb 


If on same chip 
If crosses chip boundary 


If on same chip 
If crosses chip boundary 


Command 
Command 


FND (See FIND performance equation) 


NXT 11 
14 


STK 6 


—Push- 8 
(data write in 
Stack mode) 


—Pop- 
(data read in 
Stack mode) 


If on same chip 
If crosses chip boundary 


Command 


If on same chip. Add one clock cycle for every chip boundary 
crossing. 


lf on same chip. Add one clock cycle for every chip boundary 
crossing. 
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MASK SPACE (''K" BYTES) 
(OPTIONAL USAGE) 


RECORD SPACE 
[n (K+P) BYTES] 


LAST RECORD DETECTION SPACE (UNUSABLE) 
1024 -(K + P) 


INPUT BUFFER SPACE (K+ P BYTES) 
1023 


Figure 1. Am95C85 CADM Physical Model 


MASK REGISTER 


KEY FIELD POINTER FIELD 





THE NUMBER OF 95C85 CHIPS SETS THIS LENGTH 


—E Se 


SOFTWARE- SOFTWARE- 
|-———procranniaste —————+}-— pRocRaumtaste—+| 
WIDTH WIDTH 


TBOO00110 


Figure 2. Am95C85 CADM Programmer's Model 
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Performance 
“END (Find)'' Performance Equation 


The "Find" performance equation assumes that the non- 
matching keys are different from the search key (in the most 
significant byte), and that the first match is found at the end of 
the longest possible binary search. The Find command's 
binary search is executed in parallel by all the CADM devices 
in an array. The device that finds the first occurrence 
terminates the operation by pulling DONE LOW. This explains 
why, for multi-chip arrays, the ''Find'' performance is indepen- 


dent of the total number of records. This equation includes the 
time required to load the search key. 


"SOF (Sort-Off-Line)'' Performance Equations 


The Am95C85 CADM sorting performance is data-dependent. 
Best-case performance, quickest sort, is achieved from previ- 
ously sorted data with no matching most significant bytes. The 
data which takes the longest time to sort is already sorted in 
reverse or descending order, and contains matching most 
significant bytes, where only the least significant bytes differ. 
The following two equations establish performance bounds for 
these two extremes. 


“FIND' PERFORMANCE EQUATION 


F = 


39 + 5K + (5.5+ 3K) (Lloge (n) J +1) 


F 


"SORT OFF-LINE’ PERFORMANCE EQUATIONS 


Best-Case Performance: 


Tsp = 


Worst-Case Performance: 


9+N[ 20+6 (K+P) +85 (Llogs (n+1)J)] 


F 


N 
9+N [or+(94 [- 1) (K + P) + (Lloga (n) J + 1) 6.5 +3K)| 


Tsw = 
F 


N = Total no. of records 
n= No. of records in each chip 
K=No. of bytes/key 
P=No. of bytes/pointer 
F = Frequency of Am95C85 clock 
L J = Truncate notation 
. 1 =Round up notation 
Tsp = Time for sort (best case) 
Tsw = Time for sort (worst case) 
Tr = Time for find 
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M = K (if masking is used) 
0 (if masking not used) 





Am95C85 CADM SORT PERFORMANCE 
(K = 8, P= 2) 


SORT TIME 
(ms) 


WORST CASE 


BEST CASE 


500 1000 


NUMBER OF RECORDS 


OP001821 
For This Case: 
Tr = 6.4 us 
CLK = 16 MHz 
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HOST 
INTERFACE 
CIRCUITRY 


DEVICE '0' 


cceca 
Pee 


This diagram shows the connections 
required for cascading up to sixteen 
Am95C85s. DIRG, DIRD and T/R are 
control signals which are used when 
connecting multiple banks (of up to 
16 devices) together. 


DEVICE ‘1° 


ROWN TOWN 


(f(f f fife ft tt 
SEA Ge DOSER Ree SRGREEe 


agi 
: 


DEVICE °N' 


ROWN TOWN 


AF003833 


Figure 3. Am95C85 Cascade Circuit 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 3 

Storage Temperature .........ccccccsesseeeseeers -65 to +150°C Commercial (C) Devices o 

Voltage on Any Pin Ambient Temperature (TA) .......csecesecesseees 0 to +70°C S$ 
with Respect to GND .........cccccccceeeseseeseees -0.5 to +7 Supply Voltage (VCC) ...-..sseeeseeeeeeeeens +4.5 to +5.5 V 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


Operating ranges define those limits between which the 
functionality of the device is guaranteed. 


DC CHARACTERISTICS over operating ranges unless otherwise specified 


Parameter Parameter 
Symbol Description Test Conditions 


loH =-16 mA : 





lo. = 16 mA 


A 
A 
5 a 1 


Maximum Average Power Supply 
Current 


















CAPACITANCE* 






Parameter Parameter 
Symbol Description 


, fo =1 MHz, 
Output Capacitance Unmeasured Pins at GND pF 
1/0 Capacitance 


*The capacitance values are guaranteed by design and are not tested. 








Test Conditions 








See Section 6 for Thermal Characteristics Information. 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 


cat as ee ee 
symbol Description Lomi | Mex | min. | Max_| 


SYSTEM-TO-CADM TIMINGS 


A 
De | tad ei HIGH Time ——SC~‘“‘~;7<S~rS: 
Fe a OO 
[4 [tos | Data Setup netore GLK LOW for wits ‘ts |) s | 4 
Ps [ton ata oid tor CLK LOW fr wate |e |_| || = 
ys | ws | WE Setup Beto cu tow ——S—SSC~s CP Cd 
iw 
| 15 =| tcos __—i|-C/D Setup Before CLK LOW =". Aly te: 
| 16 | tcow.—s| «GD Pulse Widthe 
C/D.Hold After CLK LOW. 

RST Setup. Before CLK LOW 


pee 
pie ew dS ise wah ——SSCSC~C~‘“~S~sC at CCC 


=a/o 
NM y— 


haat 





p20 | tse RST Hold After ciktow te Pt ts 


CADM-TO-SYSTEM TIMINGS 


| 21 | tiova_—_—i|.ss CLK LOW to Data Valid for Read 


o 
N 


CLK HIGH to Data Three-State for Read 
CLK HIGH to DONE, DIRD HIGH 

CLK LOW to DONE, DIRD Three State 
CLK HIGH to DONE, DIRD LOW 

tCHSH CLK HIGH to STAT HIGH 

tCLST CLK LOW to STAT Three State 

tCHSL CLK HIGH to STAT LOW 

CLK LOW to R/T LOW 

CLK HIGH to R/T HIGH 


tHDTR 
tCHDH 
tCLDT 
tCHDL 


fCLRL 
tCHRH 


a 
N 


NI 
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SWITCHING CHARACTERISTIC (Cont'd.) 


eae ae | temne | eM 
symbol Description j min | Max | win, | Max_| 


> 
3 
o 
a 
QO 
oo 
oa 


CADM-TO-CADM TIMINGS 


CLK HIGH to R/T LOW for Interchip Data 
31 tCHRL Mave 
t CLK HIGH to Data Valid for Interchip Data 
HDVI Move 
t CLK HIGH to Data Three State for Interchip 
HDT! Data Move 


| touch =| CLK HIGH to GIBHIGH | | TT 8s 
| tcictr | CLK LOW to GIB Three State | | | || 
| tcc. | CLK HIGH to GIB, DIAGLow | || | ts 
ae eee CLK HIGH to D _ Three State {| 2 | | 9 | ms | 
39 | trun | CLK HIGH to TUPHIGH =| | | Ts 
p40 | tem | CLK HIGH to TUPLOw || ||| 
p41 | ttm | CuK LowtoTuptow TT ts | ss 
Pe fai en oe Ne ee ee 
_{[ %« | | ws | 
RUP Hold After CLK LOW - N .: = % ees een ee 
tHTDH CLK HIGH to TOWN HIGH.) es a 
tHTDL CLK°HIGH to TOWN LOW": a ee eee ee ee 
Saas Te EG Ta 
| 49 | taupt__—|_RUPHIGH to Data Three Stato =| | ts | fs 
| 50 | teunH | RUPHIGH to R/THIGH (for Pop) = | | ts | || 
[i [oor | poms Lowe oua twee saw of gf oe | 
ee 


| ton | Data Hold After TDWN HIGH for Interchip Data 
DHTD Move (for Pop) 

Data Hold After TUP LOW for Interchip Data 
toHTU Move 

(for Push) 


[as | tos | BONE setup Beles GLK LOW 

ae ee Cena ak 
a7 | tear | SUB Seup Botore ciktow ————*i| ss ‘| [6 
Pee | ton | SUB Hott ater cikuow +t» |_| s_| 

















Se RDWN Hold After CLK LOW an | 


RUP Setup Before CLK LOW 





tRUSL 
tRUHL 












> 
S13 zg 
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SWITCHING TEST CIRCUITS 
AC Loading 


DEVICE © 
eae ae 
TEST TEST 


300 pF + 20 pF jas 


GLB, DIRG, DIRD a5 DataeyS 


DONE, STAT TC004001 
TC003981 


DEVICE 
UNDER 
TEST 


a 
All other outputs s 
where C,= 100 pF + 20 pF for R/T 
C= 20 pF for TUP, TOWN 
TC003991 


SWITCHING TEST WAVEFORMS 


WF023670 


2.0 


> TEST POINTS < 


0.8 
WF009540 


Input/Output 
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SWITCHING WAVEFORMS 


(4n+8) cycles [where n is the number of CADMs] 


Hardware Reset Timing 
Note: TUP and TDWN are guaranteed to be LOW only when the CLK is LOW. 





WF024040 





Ssos6uly 
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SWITCHING WAVEFORMS (Cont'd.) 


r% 
UI _ 
(2) 


Wu _| 


(5) 
. HER.._| 


Command Write Timing 
Notes: 1. Any CADM may drive the data bus at any time during the command. 
2. STAT is indeterminate one cycle before DONE. It must be qualified with DONE being asserted. 
3. GLB and DIRG may occur multiple times or not at all during the command. 


WF024050 


Am95C85 





691-2 


SWITCHING WAVEFORMS (Cont'd.) 


Lo. 


I 


(2) 
WO _| 


WKk_| 


(NOTE 3) 


Data Write Timing 
Notes: 1. Any CADM may drive the data bus at any time during the write. 
2. STAT is indeterminate one cycle before DONE. It must be qualified with DONE being asserted. 
3. GLB and DIRG may occur multiple times or not at all during the write. 





WF024060 
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SWITCHING WAVEFORMS (Cont'd.) 
CLK 
(ea 
R=n 
om. 
(15) 
Wk _| 


SS 
SS 
N 
N © 


8 


RE 
Cs 


ih 


= 
RSS 
N 
QS 


| 


i 


c/D 





®) 


(NOTE 3) 


WF024070 


Data Read Timing 


Notes: 1. Any CADM may drive the data bus at any time during the read. 
TAT is indeterminate one cycle before DONE. !t must be qualified with DONE being asserted. 


2. 
3. GLB and DIRG may or may not occur during the read. = 
4. TUP and TOWN are not guaranteed to be LOW during the cycle when T/R switches LOW during a read. 
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SWITCHING WAVEFORMS (Cont'd.) 


RUP 
TDWN 
DyD7 


RDWN 


Pop Timing 
Note: TUP and TDWN are guaranteed to be LOW only when the CLK is LOW. 
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SWITCHING WAVEFORMS (Cont'd.) 


CL 


TUP ¥ 


ropagate 
pip 7 


G2) 


WF024090 


Push Timing 
Note: TUP and TDWN are guaranteed to be LOW only when the CLK is LOW. 


Am95C85 





SWITCHING WAVEFORMS (Cont'd.) 


CLK ‘ ¢ 
__| @ © 
GLB 
er a 
DONE 
@ 
RUP 6 
RDWN (,-—_____.__¢ 





WF024100 


Drive GLB, DONE, RUP, RDWN Timing 
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INPUT/OUTPUT CIRCUIT DIAGRAMS 
S, C/D, RST, RDWN, RUP 


*TUP and TDWN are inputs for test mode only 


Outputs: STAT, DIRG, DIRD, R/T 


Clocks: CLK 


ESD 
PROTECTION 


TC004110 


ESD 
PROTECTION 


TC004120 


ESD 
PROTECTION 


TC004130 


TC004140 
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80186 


High Integration 16-Bit Microprocessor 
iAPX86 Family 


DISTINCTIVE CHARACTERISTICS 


© Integrated feature set ; - 4M byte/sec bus bandwidth interface 
— Enhanced 10MHz 8086-1 CPU Direct addressing capability to 1M byte of memory 
— Clock generator Completely object code compatible with all existing 
- Two independent, high-speed DMA channels iAPX 86, 88 software 
—- Programmable interrupt controller —- Ten new instruction types 
- Three programmable 16-bit timers - Compatible with 29843/45, 29833/63, 8284, and 
- Programmable memory and peripheral chip-select 8288 bus support components 
logic Optional numeric processor extension 
—- Programmable wait state generator Available in 68-pin Plastic Leaded Chip Carrier (PLCC), 
— Local bus controller Ceramic Leadless Chip Carrier (LCC), and Pin Grid Array 
@ Available in 10MHz (80186-10), BMHz (80186) (PGA) packages. 
@ High performance processor 
~ Two times the performance of the standard 8086 


981.08 


GENERAL DESCRIPTION 


The 80186 is a highly integrated 16-bit microprocessor. It software and adds 10 new instruction types to the existing 
effectively combines 15-20 of the most common iAPX 86 set. 
system components onto one. The 80186 provides two 


times greater throughput than the standard 5MHz 8086. = The 80186 comes in a 68-pin package and requires a single 
The 80186 is upward compatible with 8086 and 8088 +5V power supply. 





BLOCK DIAGRAM 


INT3/INTAT 


INT2INTAO 


CLKOUT Vcc GNO TMROUT1 TMROUTO 
TMR IN TMRIN 
1 Q 


PROGRAMMABLE 
TIMERS 


o 1 2 
MAXCOUNT AY 
PROGRAMMABLE REGISTERB 4 
t UPT 
MAX COUNT 
CONTROLLER REGISTER A 
16-BIT 
GENERAL CONTROL REGISTERS 
PURPOSE 
CONTROL 
REGISTERS 16-BIT 
REGISTERS COUNT REGISTER 


PROGRAMMABLE 
OMA UNIT 
0 1 
20-BIT 
SOURCE POINTERS 
20-BIT 
SEGMENT DESTINATION 
REGISTERS POINTERS 
16-BIT 
PREFETCH TRANSFER COUNT 
on CONTROL 
REGISTERS 


ADIS = A19/S6 


BD003560 


Publication # Rev. Amendment 


03551 D /0 
Issue Date: April 1987 





80186 


CONNECTION DIAGRAMS 
Ceramic Leadless Chip Carrier (LCC*) 


Top Bottom 
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On Ton an Tors onsr ee 
B28 26 Vega sag {gee 
< a <« < << 


PINNO. 1 MARK < 
CD010500 
*LCC package placed in socket top down. 
Pin Grid Array (PGA) 
Pins Facing Up Pins Facing Down 
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PIN NO. + MARK 


CD010521 


Plastic Leaded Chip Carrier (PLCC**) 


Top Bottom 


18 19 20 21 22 2324 25 26 27 28 29 30 31 32 33 34 
nAininininicy 





CD010530 


**PLCC package placed in socket top up. 
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ORDERING INFORMATION 


Commodity Products 


oe 
i=] 
ob 
fos] 
oa 


AMD commodity products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: a. Temperature Range 

b. Package Type 

c. Device Number 

d. Speed Option 

e. Optional Processing 


80186 B 


= e. OPTIONAL PROCESSING 


Blank = Standard Processing 
B = Burn in 


d. SPEED OPTION 
Blank = 8 MHz 
-10=10 MHz 


c. DEVICE NUMBER/DESCRIPTION 
80186 
High-Integration 16-Bit Microprocessor 


b. PACKAGE TYPE 
R = 68-Pin Ceramic Leadless Chip Carrier (CA2068) 
A= 68-Terminal Pin Grid Array (CGX068) 
N = 68-Pin Plastic Leaded Chip Carrier (PL 068) 


a. TEMPERATURE RANGE* 
Blank = Commercial (0 to + 70°C) 
| = Industrial (-40 to + 85°C) 





Valid Combinations 
Valid Combinations list configurations planned to be supported in 
Valid Combinations volume for this device. Consult the local AMD sales office to 
confirm availability of specific valid combinations, to check on 
newly released valid combinations, and to obtain additional data 
A, R, N on AMD's standard military grade products. 
A, R, 1A, IR *This device is also available in Military temperature range. See 


MOS Microprocessors and Peripherals Military Handbook (Order 
#09275A/0) for electrical performance characteristics. 
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PIN DESCRIPTION 


| Pino, | Name | vo Description 


faa | Woo Voo_| _1__| System Power, +5 volt power supply. 
[25.60 [Ves vas [1 ston ind 


Reset Output indicates that the 80186 CPU is being reset; and can be used as a system reset. It is 
active HIGH, synchronized with the processor clock, and lasts an integer number of clock periods 
corresponding to the length of the RES signal. 


Crystal inputs, X1 and X2, provide an external connection for a fundamental mode parallel resonant 
crystal for the internal crystal oscillator. X1 can interface to an external clock instead of a crystal. The 
input or oscillator frequency is internally divided by two to generate the clock signal (CLKOUT). 


Clock Output provides the system with a 50% duty cycle waveform. All device pin timings are specified 
relative to CLKOUT. CLKOUT has sufficient MOS drive capabilities for a numeric processor extension. 


System Reset causes the 80186 to immediately terminate its present activity, clear the internal logic, 
and enter a dormant state. This signal may be asynchronous to the 80186 clock. The 80186 begins 
fetching instructions approximately 7 clock cycles after RES is returned HIGH. RES is required to be 
LOW for greater than 4 clock cycles and is internally synchronized. For proper initialization, the LOW-to- 
HIGH transition of RES must occur no sooner than 50 microseconds after power up. This input is 
provided with a Schmitt-trigger to facilitate power-on RES generation via an RC network. When RES 
occurs, the 80186 will drive the status lines to an inactive level for one clock, and then tri-state them. 


TEST is examined by the WAIT instruction. If the TEST input is HIGH when "WAIT" execution begins, 
instruction execution will suspend. TEST will be resampled until it goes LOW, at which time execution 
will resume. If interrupts are enabled while the 80186 is waiting for TEST, interrupts will be serviced. 
This input is synchronized internally. 


Timer inputs are used either as clock or contro! signals, depending upon the programmed timer mode. 
These inputs are active HIGH (or LOW-to-HIGH transitions are counted) and internally synchronized. 


DMA Request is driven HIGH by an external device when it desires that a DMA channel (Channel 0 or 1) 
perform a transfer. These signals are active HIGH, level-triggered, and internally synchronized. 


Non-Maskable Interrupt is an edge-triggered input which causes a type 2 interrupt. NMI is not maskable 
internally. A transition from a LOW to HIGH initiates the interrupt at the next instruction boundary. NMI is 
latched internally. An NMI duration of one clock or more will guarantee service. This input is internally 
synchronized. 


Maskable Interrupt Requests can be requested by strobing one of these pins. When configured as 
inputs, these pins are active HIGH. Interrupt Requests are synchronized internally. INT2 and INT3 may 
be configured via software to provide active-LOW interrupt-acknowledge output signals. All interrupt 
inputs may be configured via software to be either edge- or level-triggereed. To ensure recognition, all 
interrupt requests must remain active until the interrupt is acknowledged. When iRMX mode is selected, 
the function of these pins changes (see Interrupt Controller section of this data sheet). 


A19/S6, Address Bus Outputs (16-19) and Bus Cycle Status (3-6) reflect the four most significant address bits 
A18/S5, during Ty. These signals are active HIGH. During To, Tg, Tw, and T4, status information is available on 
A17/S4, these lines as encoded below: 


A16/S3 
es Low | High 
Processor Cycle DMA Cycle 


$3, S4, and S5 are defined as LOW during To2-T4. 


AD15-ADO Address/Data Bus (0-15) signals constitute the time multiplexed memory or I/O address (T4) and data 
(T2, T3, Tw, and T4) bus. The bus is active HIGH. Ag is analogous to BHE for the lower byte of the data 
bus, pins D7 through Dp. It is LOW during T; when a byte is to be transferred onto the lower portion of 
the bus in memory or I/O operations. 


During T; the Bus High Enable signal should be used to determine if data is to be enabled onto the 
most significant half of the data bus, pins D15-Dg. BHE is LOW during Ty for read, write, an interrupt 
acknowledge cycles when a byte is to be transferred on the higher half of the bus. The S7 status 
information is available during To, T3, and T4. S7 is logically equivalent to BHE. The signal is active 
LOW, and is tristated OFF during bus HOLD. 


[BRE Value [ ADVawe [| _—_——~Funelion 
[00 (Wok Transfer SSCS 
[0 __[-__1__[ Byte Transfer on upper half of deta bus (01558) 
[1 ___[-_0__| Byte Transfer on lowor ha of data bus (07-00) 


ALE/QS0 Address Latch Enable/Queue Status 0 is provided by the 80186 to latch the address into the 8282/ 
8283 address latches. ALE is active HIGH. Addresses are guaranteed to be valid on the trailing edge of 
ALE. The ALE rising edge is generated off the rising edge of the CLKOUT immediately preceding T, of 
the associated bus cycle, effectively one-half clock cycle earlier than in the standard 8086. The trailing 
edge is generated off the CLKOUT rising edge in T; as in the 8086. Note that ALE is never floated. 
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PIN DESCRIPTION (Cont.) 


| Pino. | Name | vo_| Description 


Write Strobe/Queue Status 1 indicates that the data on the bus is to be written into a memory or an I/O 
device. WR is active for To, T3, and Tw of any write cycle. It is active LOW, and floats during "HOLD." It 
is driven HIGH for one clock during Reset, and then floated. When the 80186 is in queue status mode, 
the ALE/QSO and WR/QS1 pins provide information about processor/instruction queue interaction. 


Past] aso | _———dueue Operation i 
[00 No aueue operation 
po [1 | First opcode byte etched from the queue | 
P+ [-__1___| Subsequent byte fetched from the queue | 
SY 


Empty the queue 


eo 
oS 
oh 
eo 
a 


Read Strobe indicates that the 80186 is performing a memory or I/O read cycle. RD is active LOW for 
To, T3, and Tw of any read cycle. It is guaranteed not to go LOW in To until after the Address Bus is 
floated. RD is active LOW, and floats during ''HOLD." RD is driven HIGH for one clock during Reset, 
and then the output driver is floated. A weak internal pull-up mechanism on the RD line holds it HIGH 
when the line is not driven. During RESET the pin is sampled to determine whether the 80186 should 
provide ALE, WR, and RD, or if the Queue-Status should be provided. RD should be connected to GND 
to provide Queue-Status data. 


Asynchronous Ready informs the 80186 that the addressed memory space or I/O device will complete 
a data transfer. The ARDY input pin will accept an asynchronous input, and is active HIGH. Only the 
rising edge is internally synchronized by the 80186. This means that the falling edge of ARDY must be 
synchronized to the 80186 clock. If connected to Vcc, no WAIT states are inserted. Asynchronous 
ready (ARDY) or synchronous ready (SRDY) must be active to terminate a bus cycle. If line is unused, it 
may remain connected to Vcc or it may be connected to Vsg (in which case the programmer must 
initialize the part to inhibit the external pins). 


Synchronous Ready must be synchronized externally to the 80186. The use of SRDY provides a 
relaxed system-timing specification on the Ready input. This is accomplished by eliminating the one-half 
clock cycle which is required for internally resolving the signal level when using the ARDY input. This 
line is active HIGH. If this line is connected to Vcc no WAIT states are inserted. Asynchronous ready 
(ARDY) or synchronous ready (SRDY) must be active before a bus cycle is terminated. If line is unused, 
it may remain connected to Vcc or it may be connected to Vss (in which case the programmer must 
initialize the part to inhibit the external pins). 


LOCK output indicates that other system bus masters are not to gain control of the system bus while 
LOCK is active LOW. The LOCK signal is requested by the LOCK prefix instruction and is activated at 
the beginning of the first data cycle associated with the instruction following the LOCK prefix. It remains 
active until the completion of the instruction following the LOCK prefix. No prefetches will occur while 
LOCK is asserted. When executing more than one LOCK instruction, always make sure there are six 
bytes of code between the end of the first LOCK instruction and the start of the second LOCK 
instruction. LOCK is active LOW, is driven HIGH for one clock during RESET, and then floated. 


Bus cycle status S0-S2 are encoded to provide bus-transaction information: 


[S__ St] 80 __| Bus Cycle intiated | 
Po [0 | 0 | nterupt Acknowledge | 
SO 
A OO 0 


os 
@ 


th o 








The status pins float during '*HOLD." —— - 
S2 may be used as a logical M/IO indicator, and S1 as a DT/R indicator. 
The status lines are driven HIGH for one clock during Reset, and then floated until a bus cycle begins. 


HOLD (input) HOLD indicates that another bus master is requesting the local bus. The HOLD input is active HIGH. 
HLDA (output) HOLD may be asynchronous with respect to the 80186 clock. The 80186 will issue a HLDA in response 
to a HOLD request at the end of T4 or Ty Simultaneous with the issuance of HLDA, the 80186 will float 
the local bus and control lines. After HOLD is detected as being LOW, the 80186 will lower HLDA. When 
the 80186 needs to run another bus cycle, it will again drive the local bus and control lines. 





Upper Memory Chip Select is an active LOW output whenever a memory reference is made to the 
defined upper portion (1K-=256K block) of memory. This line is not floated during bus HOLD. The 
address range activating UCS is software programmable. 


Lower Memory Chip Select is active LOW whenever a memory reference is made to the defined lower 
portion (1K-256K) of memory. This line is not floated during bus HOLD. The address range activating 
LCS is software programmable. 


oe 
os 
i 


ri 
Q 
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38, 37, 36, Mid-Range Memory Chip Select signals are active LOW when a memory reference is made to the 
defined mid-range portion of memory (8K-512K). These lines are not floated during bus HOLD. The 
address ranges activating MCSO-3 are software programmable. 


Peripheral Chip Select signals 0-4 are active LOW when a reference is made to the defined peripheral 
area (65K byte I/O space). These lines are not floated during bus HOLD. The address ranges activating 
PCS0-4 are software programmable. 
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PIN DESCRIPTION (Cont.) 


| PinNo. | Name | v0 Description 

31 PCS5/A1 Peripheral Chip Select 5 or Latched A1 may be programmed to provide a sixth peripheral chip select, or 
to provide an internally latched A1 signal. The address range activating PCS5 is software 
programmable. When programmed to provide latched A1, rather than PCS5, this pin will retain the 
previously fatched value of A1 during a bus HOLD. A1 is active HIGH. 

PCS6/A2 
programmable. When programmed to provide latched A2, rather than PCS6, this pin will retain the 
previously latched value of A2 during a bus HOLD. A2 is active HIGH. 

DT/R Data Transmit/Receive controls the direction of data flow through the external 29833/29863 data bus 
transceiver. When LOW, data is transferred to the 80186. When HIGH the 80186 places write data on 
the data bus. 

eo ieee ea Data Enable is provided as a 29833/29863 data bus transceiver output enable. DEN is active LOW 


Peripheral Chip Select 6 or Latched A2 may be programmed to provide a seventh peripheral chip select, 
or to provide an internally latched A2 signal. The address range activating PCS6 is software 


during each memory and I/O access. DEN is HIGH whenever DT/R changes state. 
DETAILED DESCRIPTION 


Introduction 


The following Functional Description describes the base archi- 
tecture of the 80186. The architecture is common to the 8086, 
8088, and 80286 microprocessor families as well. The 80186 is 
a very high integration 16-bit microprocessor. It combines 15- 
20 of the most common microprocessor system components 
onto one chip while providing twice the performance of the 
standard 8086. The 80186 is object code compatible with the 
8086, 8088 microprocessors and adds 10 new instruction types 
to the existing 8086, 8088 instruction set. 


80186 BASE ARCHITECTURE 


The 8086, 8088, 80186, and 80286 family all contain the same 
basic set of registers, instructions, and addressing modes. The 
80186 processor is upward compatible with the 8086, 8088, 
and 80286 CPUs. 


Register Set 


The 80186 base architecture has fourteen registers as shown 
in Figures 3a and 3b. These registers are grouped into the 
following categories. 


General Registers 


Eight 16-bit general purpose registers used to contain arithme- 
tic and logical operands. Four of these (AX, BX, CX, and DX) 
can be used as 16-bit registers or split into pairs of separate 8- 
bit registers. 


SPECIAL 
REGISTER 
FUNCTIONS 


16-BIT 
REGISTER 
NAME 


BYTE 
ADDRESSABLE 
(8-BIT 
REGISTER 
NAMES 
SHOWN) 


MULTIPLY/OIVIDE 
V0 INSTRUCTIONS 


BASE REGISTERS 


INOEX REGISTERS 


STACK POINTER 


GENERAL 
REGISTERS 


LOOP/SHIF T/REPEAT/COUNT 


Segment Registers 


Four 16-bit special purpose registers select, at any given time, 
the segments of memory that are immediately addressable for 
code, stack, and data. (For usage, refer to Memory Organiza- 
tion.) 


Base and Index Registers 


Four of the general purpose registers may also be used to 
determine offset addresses of operands in memory. These 
registers may contain base addresses or indexes to particular 
locations within a segment. The addressing mode selects the 
specific registers for operand and address calculations. 


Status and Control! Registers 


Two 16-bit special purpose registers record or alter certain 
aspects of the 80186 processor state. These are the Instruc- 
tion Pointer Register, which contains the offset address of the 
next sequential instruction to be executed, and the Status 
Word Register, which contains status and control flag bits (see 
Figures 3a and 3b). 


Status Word Description 


The Status Word records specific characteristics of the result 
of logical and arithmetic instructions (bits 0, 2, 4, 6, 7, and 11) 
and controls the operation of the 80186 within a given 
operating mode (bits 8, 9, and 10). The Status Word Register 
is 16-bits wide. The function of the Status Word bits is shown 
in Table 2. 


COOE SEGMENT SELECTOR 
OATA SEGMENT SELECTOR 
STACK SEGMENT SELECTOR 
EXTRA SEGMENT SELECTOR 


SEGMENT REGISTERS 
0 
STATUS WORD 
INSTRUCTION POINTER 


STATUS ANDO CONTROL 
REGISTERS 


TBO00045 


Figure 3a. 80186 General Purpose Register Set 





STATUS FLAGS: 
CARRY 

PARITY 

AUXILIARY CARRY 
ZERO 

SIGN 

OVERFLOW 


1 10 


15 14 13 12 | 9 8 7 6 § 4 3 2 1 t) 
status woo: f\\\ NNN oF [or [oo [ove Tse [oe RWW ar AN\W P* KAMA ce | 


\\\\ RESERVED 


CONTROL FLAGS: 
TRAP FLAG 
INTERRUPT ENABLE 
DIRECTION FLAG 


DF002910 


Figure 3b. Status Word Format 


Table 2. Status Word Bit Function 


Bit 
Position 
ra 
Latte) 


Carry Flag — Set on high-order bit carry 
or borrow; cleared otherwise. 


Parity Flag — Set if low-order 8 bits or 
result contain an even number of 1-bits; 
cleared otherwise. 


Set on carry from or borrow to the low 

4 AF | order four bits of AL; cleared otherwise. 

Pare Zero Flag — Set if result is zero; cleared 
ZF 


otherwise. 
ale 
Ae 
ake 


Sign Flag — Set equal to high-order bit 
of result (0 if positive, 1 if negative). 


Single Step Flag-—- Once set, a single 
step interrupt occurs after the next in- 
struction executes. TF is cleared by the 
single step interrupt. 


Interrupt-enable Flag— When set, 
maskable interrupts will cause the CPU 
to transfer control to an interrupt vector 
specified location. 


Direction Flag— Causes string instruc- 
tions to auto decrement the appropriate 
index register when set. Clearing DF 
causes auto increment. 


Overflow Flag — Set if the signed result 
cannot be expressed within the number 
of bits in the destination operand; 
cleared otherwise. 


Instruction Set 


The instruction set is divided into seven categories: data 
transfer, arithmetic, shift/rotate/logical, string manipulation, 
control transfer, high-level instructions, and processor control. 
These categories are summarized in Figure 4. 


An 80186 instruction can reference anywhere from zero to 
several operands. An operand can reside in a register, in the 
instruction itself, or in memory. Specific operand addressing 
modes are discussed later in this data sheet. 


Memory Organization 


Memory is organized in sets of segments. Each segment is a 
linear contiguous sequence of up to 64K (218) 8-bit bytes. 
Memory is addressed using a two-component address (a 
pointer) that consists of a 16-bit base segment and a 16-bit 
offset. The 16-bit base values are contained i one of four 
internal segment registers (code, data, stack, extra). The 
physical address is calculated by shifting the base value LEFT 
by four bits and adding the 16-bit offset value to yield a 20-bit 
physical address (see Figure 5). This allows for a 1 MByte 
physical address size. 


Alt instructions that address operands in memory must specifiy 
the base segment and the 16-bit offset value. For speed and 
compact instruction encoding, the segment register used for 
physical address generation is implied by the addressing 
mode used (see Table 3). These rules follow the way 
programs are written (see Figure 6) as independent modules 
that require areas for code and data, a stack, and access to 
external data areas. 


Special segment override instruction prefixes allow the implicit 
segment register selection rules to be overridden for special 
cases. The stack, data, and extra segments may coincide for 
simple programs. 
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GENERAL PURPOSE 


MOV Move byte or word 
PUSH Push word onto stack 
Pop word off stack 


Input bytes or word string 
Output bytes or word string 


Scan byte or word string 


PUSHA 
POPA 


OUT Output byte or word 


LAHF Load AH register from flags 


Store AH register in flags 


Push flags onto stack 
Pop flags off stack 


Compare byte or word string 
Load byte or word string 
Store byte or word string 


Repeat while equal/zero 
REPNE/ ‘ 
REPNZ Repeat while not equal/not zero 


"Inclusive or" byte or word 
"Exclusive or" byte or word 


ADDITION ROTATES 
AGE byis or word ROL Rotate left byte or word 


ADD 

ADC Add byte or word with carry Rotate right byte or word 

INC Increment byte or word by 1 Rotate through carry left byte or word 
AAA 

DAA 


POPF 


ASCII_adjust_ for addition Rotate through carry right byte or word 
FLAG OPERATIONS 


Decimal adjust for addition 
Set carry flag 


Set cary tag Sd 


Subtract byte or word with borrow 


Decrement byte or word by 1 


Negate byte or word 


Compare byte or word 
ASCII adjust for subtraction 
Decimal! adjust for subtraction 


MULTIPLICATION 


Multiply byte or word unsigned 
Integer multiply byte or word 


ASCII adjust for multiply 


DIVISION 


Set direction flag 
Clear direction flag 
Set interrupt enable flag 


Clear interrupt enable flag 


EXTERNAL SYNCHRONIZATION 


NO OPERATION 


HIGH LEVEL INSTRUCTIONS 


ENTER 


Format stack for procedure entry 
Restore stack for procedure exit 


BOUND Detects values outside prescribed range 


Figure 4. 80186 Instruction Set 


All mnemonics copyright Intel Corp. 





CONDITIONAL TRANSFERS UNCONDITIONAL TRANSFERS 


Jump if above/not below nor equal CALL Call procedure 


Jump if above or equal/not below Return from procedure 


98108 


JA/JNBE 
JAE/JNB 
JB/JNAE 
JBE/JNA 


| 
m 
4 


Jump if below/not above nor equal JMP Jump 
Jump if below or equal/not above 


qa 


Jump if carry ITERATION CONTROLS 


Jump if equal/zero 
Jump if greater/not less nor equal LOOP Loop 
Jump if greater or equal/not less LOOPE/LOOPZ Loop if equal/zero 


Jump if less/not greater nor equal LOOPNE/LOOPNZ Loop if not equal/not zero 


Jump if less or equal/not greater JCXZ Jump if register CX = 0 
Jump if not carry 


Jump if not equal/not zero INTERRUPTS 


JE/JZ 
JG/JNLE 
JGE/JNL 
JL/JNGE 
JLE/JNG 
JNC 
JNE/JNZ 
JNO Jump if not overflow 
JNP/JPO Jump if not parity/parity odd INT Interrupt 


JNS Jump if not sign INTO Interrupt if overflow 


O _ Jump if overflow tRET Interrupt return 
Jump if parity/parity even 
Jump if sign 


JP/JPE 
Figure 4. 80186 Instruction Set (continued) 
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All mnemonics copyright Intel Corp. 


To access operands that do not reside in one of the four 

immediately available segments, a full 32-bit pointer can be 

used to reload both the base (segment) and offset values. 
MODULE A 





SHIFT LEFT 4 BITS SEGMENT ais 
EERE: 
LOGICAL 


5 0 


Tote] 
cr 15 0 
7s CEERI 
LL 
1S 0 


19 0 
TO MEMORY 


ADDRESS 


PHYSICAL AODRESS 
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PROCESS 
STACK 


Figure 5. Two Component Address 


Table 3. Segment Register Selection Rule 
PROCESS 


Memory Segment BLOCK 1 
Reference Register Implicit Segment 
Needed Used Selection Rule 


Instructions Code (CS) | Instruction prefetch and im- 


mediate data. PROCESS 
DATA 
BLOCK 2 


Stack Stack (SS) | All stack pushes and pops; 
any memory references 
which use BP Register as a 
base register. 


I ' 
t.—-J 
MEMORY 


External Extra (ES) | All string instruction refer- pasate 


Data ences which use the DI reg- 
(Global) ister a8 :an- Index: Figure 6. Segmented Memory Helps 


Local Data Data (DS) | All other data references. Structure Software 
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Addressing Modes 


The 80186 provides eight categories of addressing modes to 

specify operands. Two addressing modes are provided for 

instructions that operate on register or immediate operands: 

e@ Register Operand Mode: The operand is located in one of 
the 8- or 16-bit general registers. 

@ Immediate Operand Mode: The operand is included in the 
instruction. 


Six modes are provided to specify the location of an operand 

in a memory segment. A memory operand address consists of 

two 16-bit components: a segment base and an offset. The 

segment base is supplied by a 16-bit segment register either 

implicity chosen by the addressing mode or explicitly chosen 

by a segment override prefix. The offset, also called the 

effective address, is calculated by summing any combination 

of the following three address elements: 

@ the displacement (an 8- or 16-bit immediate value con- 
tained in the instruction); 

@ the base (contents of either the BX or BP base registers); 
and 

@ the index (contents of either the S! or DI index registers) 


Any carry out from the 16-bit addition is ignored. Eight-bit 
displacements are sign extended to 16-bit values. 


Combinations of these three address elements define the six 

memory addressing modes, described below. 

®@ Direct Mode: The operand’s offset is contained in the 
instruction as an 8- or 16-bit displacement element. 

@ Register Indirect Mode:The operand's offset is in one of the 
registers SI, DI, BX, or BP. 

@ Based Mode: The operand's offset is the sum of an 8- or 
16-bit displacement and the contents of a base register (BX 
or BP). 

@ Indexed Mode: The operand's offset is the sum of an 8- or 
16-bit displacement and the contents of an index register 
(SI or Dl). 

@ Based Indexed Mode: The operand's offset is the sum of 
the contents of a base register and an index register. 

@ Based Indexed Mode with Displacement: The operand's 
offset is the sum of a base register's contents, an index 
register's contents, and an 8- or 16-bit displacement. 


Data Types 


The 80186 directly supports the following data types: 

@ Integer: A signed binary numeric value contained in an 8-bit 
byte or a 16-bit word. All operations assume a 2's comple- 
ment representation. Signed 32 and 64 bit integers are 
supported using a numeric data processor. 

® Ordinal: An unsigned binary numeric value contained in an 
8-bit byte or a 16-bit word. 

© Pointer: A 16- or 32-bit quantity, composed of a 16-bit offset 
component or a 16-bit segment base component in addition 
to a 16-bit offset component. 

@ String: A contiguous sequence of bytes or words. A string 
may contain from 1K to 64K bytes. 

@ ASCII: A byte representation of alphanumeric and contro! 
characters using the ASCII standard of character represen- 
tation. 

e BCD: A byte (unpacked) representation of the decimal 
digits 0-9. 

@ Packed BCD: A byte (packed) representation of two deci- 
mal digits (0-9). One digit is stored in each nibble (4-bits) of 
the byte. 





@ Floating Point: A signed 32-, 64-, or 80-bit real number 
representation. (Floating point operands are supported 
using a numeric data processor configuration.) 


In general, individual data elements must fit within defined 
segment limits. Figure 7 graphically represents the data types 
supported by the 80186. 


7 ° 


SIGNEO 

BYTE 
SIGNBIT/U_s 
MAGNITUCE 


? 0 
UNSIGNEO 
BYTE 
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MAGNITUDE 
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SIGNED 
WORD 
SIGN BIT~ |“ MSB 
MAGNITUOE 


SIGNED 31 *3 +2) yeas +1 0 4 
DOUBLE 
WORD" 
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+7 +6 +5 +4 +3 +2 +1 
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QUAD 
WORD 
SIGN BIT 4, MSB 
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NOTE: “SUPPORTED BY 80186 WITH A NUMERIC DATA 
PROCESSOR 


Figure 7. 80186 Supported Data Types 





I/O Space 


The !/O space consists of 64K 8-bit or 32K 16-bit ports. 
Separate instructions address the I/O space with either an 8- 
bit port address, specified in the instruction, or a 16-bit port 
address in the DX register, 8-bit port addresses are zero 
extended such that A15-Ag are LOW. 1/O port addresses 
OOF8(H) through OOFF(H) are reserved. 


Interrupts 


An interrupt transfers execution to a new program location. 
The old program address (CS:IP) and machine state (Status 
Word) are saved on the stack to allow resumption of the 
interrupted program. Interrupts fall into three classes: hard- 
ware initiated, INT instructions, and instruction exceptions. 
Hardware initiated interrupts occur in response to an external 
input and are classified as non-maskable or maskable. 


Programs may cause an interrupt with an INT instruction. 
Instruction exceptions occur when an unusual condition, which 
prevents further instruction processing, is detected while 
attempting to execute an instruction. If the exception was 
caused by executing an ESC instruction with the ESC trap bit 
set in the relocation register, the return instruction will point to 
the ESC instruction, or to the segment override prefix immedi- 
ately preceding the ESC instruction if the prefix was present. 
In all other cases, the return address from an exception will 
point at the instruction immediately following the instruction 
causing the exception. 


A table containing up to 256 pointers defines the proper 
interrupt service routine for each interrupt. Interrupts 0-31, 
some of which are used for instruction exceptions, are 
reserved. Table 4 shows the 80186 predefined types and 
default priority levels. For each interrupt, an 8-bit vector must 
be supplied to the 80186 which identifies the appropriate table 
entry. Exceptions supply the interrupt vector internally. In 
addition, internal peripherals and noncascaded external inter- 
rupts will generate their own vectors through the internal 
interrupt controller. INT instructions contain or imply the vector 
and allow access to all 256 interrupts. Maskable hardware 
initiated interrupts supply the 8-bit vector to the CPU during an 
interrupt acknowledge bus sequence. Non-maskable hard- 
ware interrupts use a predefined internally supplied vector. 


Interrupt Sources 


The 80186 can service interrupts generated by software or 
hardware. The software interrupts are generated by specific 
instructions (INT, ESC, unused OP, etc.) or the results of 
conditions specified by instructions (array bounds check, 
INTO, DIV, IDIV, etc.) All interrupt sources are serviced by an 
indirect call through an element of a vector table. This vector 
table is indexed by using the interrupt vector type (Table 4), 
multiplied by four. All hardware-generated interrupts are sam- 
pled at the end of each instruction. Thus, the software 
interrupts will begin service first. Once the service routine is 
entered and interupts are enabled, any hardware source of 
sufficient priority can interrupt the service routine in progress. 


The software generated 80186 interrupts are described below. 
DIVIDE ERROR EXCEPTION (TYPE 0) 


Generated when a DIV or IDIV instuction quotient cannot be 
expressed in the number of bits in the destination. 


Table 4. 80186 Interrupt Vectors 


Vector| Default Related 
Interrupt Name “eee _— Instructions 


Divide Error DIV, IDIV 
Exception 
Single Step 
Interrupt 
NMI 
Breakpoint 
Interrupt 
INTO Detected 
Overflow 
Exception 
Array Bounds 
Exception 
Unused-Opcode 
Exception 
ESC Opcode 
Exception 
Timer 0 Interrupt 
Timer 1 Interrupt 
Timer 2 Interrupt 
Reserved 
DMA 0 Interrupt 
DMA 1 Interrupt 
INTO Interrupt 
INT1 Interrupt 
INT2 Interrupt 
INT3 Interrupt 


All 


Alt 
INT 


INTO 


BOUND 


Undefined 
Opcodes 
ESC Opcodes 


These are generated as the result of an instruction 
execution. 

This is handled as in the 8086. 

All three timers constitute one source of request to 
the interrupt controller. The Timer interrupts all have 
the same default priority level with respect to all other 
interrupt sources. However, they have a defined 
priority ordering amongst themselves. (Priority 2A is 
higher priority than 2B.) Each Timer interrupt has a 
separate vector type number. 

Default priorities for the interrupt sources are used 
only if the user does not program each source into a 
unique priority level. 

An escape opcode will cause a trap only if the proper 
bit is set in the peripheral control block relocation 
register. 


SINGLE-STEP INTERRUPT (TYPE 1) 


Generated after most instructions if the TF flag is set. 
Interrupts will not be generated after prefix instructions (e.g., 
REP), instructions which modify segment registers (e.g., POP 
DS), or the WAIT instruction. 


NON-MASKABLE INTERRUPT-NMI (TYPE 2) 

An external interrupt source which cannot be masked. 
BREAKPOINT INTERRUPT (TYPE 3) 

A one-byte version of the INT instruction. It uses 12 as an 


index into the service routine address table (because it is a 
type 3 interrupt). 
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INTO DETECTED OVERFLOW EXCEPTION 
(TYPE 4) 


Generated during an INTO instruction if the OF bit is set. 
ARRAY BOUNDS EXCEPTION (TYPE 5) 


Generated during a BOUND instruction if the array index is 
outside the array bounds. The array bounds are located in 
memory at a location indicated by one of the instruction 
operands. The other operand indicates the value of the index 
to be checked. 


UNUSED OPCODE EXCEPTION (TYPE 6) 
Generated if execution is attempted on undefined opcodes. 
ESCAPE OPCODE EXCEPTION (TYPE 7) 


Generated if execution is attempted of ESC opcodes (D8H- 
DFH). This exception will only be generated if a bit in the 
relocation register is set. The return address of this exception 
will point to the ESC instruction causing the exception. If a 
segment override prefix preceded the ESC instruction, the 
return address will point to the segment override prefix. 


Hardware-generated interrupts are divided into two groups: 
maskable interupts and non-maskable interrupts. The 80186 
provides maskable hardware interrupt request pins INTO- 
INT3. In addition, maskable interrupts may be generated by 
the 80186 integrated DMA controller and the integrated timer 
unit. The vector types for these interrupts is shown in Table 4. 
Software enables these inputs by setting the interrupt flag bit 
(IF) in the Status Word. The interrupt controller is discussed in 
the peripheral section of this data sheet. 


Further maskable interrupts are disabled while servicing an 
interrupt because the IF bit is reset as part of the response to 
an interrupt or exception. The saved Status Word will reflect 
the enable status of the processor prior to the interrupt. The 
interrupt flag will remain zero unless specifically set. The 
interrupt return instruction restores the Status Word, thereby 
restoring the original status of IF bit. If the interrupt return re- 
enables interrupts, and another interrupt is pending, the 80186 
will immediately service the highest-priority interrupt pending, 
i.e., NO instructions of the main line program will be executed. 


Non-Maskable Interrupt Request (NMI) 


A non-maskable interrupt (NMI) is also provided. This interrupt 
is serviced regardless of the state of the IF bit. A typical use of 
NMI would be to activate a power failure routine. The 
activation of this input causes an interrupt with an internally 
supplied vector value of 2. No external interrupt acknowledge 
sequence is performed. The IF bit is cleared at the beginning 
of an NMI interrupt to prevent maskable interrupts from being 
serviced. 


Single-Step Interrupt 


The 80186 has an internal interrupt that allows programs to 
execute one instruction at a time. It is called the single-step 
interrupt and is controlled by the single-step flag bit (TF) in the 
Status Word. Once this bit is set, an internal single-step 
interrupt will occur after the next instruction has been execut- 
ed. The interrupt clears the TF bit and uses an internally 
supplied vector of 1. The IRET instruction is used to set the TF 
bit and transfer control to the next instruction to be single- 
stepped. 


Initialization and Processor Reset 


Processor initialization or startup is accomplished by driving 
the RES input pin LOW. RES forces the 80186 to terminate all 
execution and local bus activity. No instruction or bus activity 
will occur as long as RES is active. After RES becomes 
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inactive and an internal processing interval elapses, the 80186 
begins execution with the instruction at physical location 
FFFFO(H). RES also sets some registers to predefined values 
as shown in Table 5. 


Table 5. 80186 Initial Register State after RESET 


Status Word F002(H) 
0000(H) 
FFFF(H) 
0000(H) 
0000(H) 
0000(H) 
20FF(H) 


FFFB(H) 


Instruction Pointer 
Code Segment 
Data Segment 
Extra Segment 
Stack Segment 
Relocation Register 
UMCS 


80186 CLOCK GENERATOR 


The 80186 provides an on-chip clock generator for both 
internal and external clock generation. The clock generator 
features a crystal oscillator, a divide-by-two counter, synchro- 
nous and asynchronous ready inputs, and reset circuitry. 


Oscillator 


The oscillator circuit of the 80186 is designed to be used with 
a parallel resonant fundamental mode crystal. This is used as 
the time base for the 80186. The crystal frequency selected 
will be double the CPU clock frequency. Use of an LC or RC 
circuit is not recommended with this oscillator. If an external 
oscialltor is used, it can be connected directly to input pin X1 in 
lieu of a crystal. The output of the oscillator is not directly 
available outside the 80186. The recommended crystal config- 
uration is shown in Figure 8. 


X = 20 for 10 MHz (80186-1) 
X = 16 for 8 MHz (80186-3) 
X = 12 for 6 MHz (80186-6) 
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Figure 8. Recommended 80186 Crystal 
Configuration 


Clock Generator 


The 80186 clock generator provides the 50% duty cycle 
processor clock for the 80186. It does this by dividing the 
oscillator output by 2 forming the symmetrical clock. If an 
external oscillator is used, the state of the clock generator will 
change on the falling edge of the oscillator signal. The 
CLKOUT pin provides the processor clock signal for use 
outside the 80186. This may be used to drive other system 
components. All timings are referenced to the output clock. 





READY Synchronization 


The 80186 provides both synchronous and asynchronous 
ready inputs. Asynchronous ready synchronization is accom- 
plished by circuitry which samples ARDY in the middle of To, 
T 3 and again in the middle of each Tw until ARDY is sampled 
HIGH. One-half CLKOUT cycle of resolution time is used. Full 
synchronization is performed only on the rising edge of ARDY, 
ie., the falling edge of ARDY must be synchronized to the 
CLKOUT signal if it will occur during To or Tw. HIGH-to-LOW 
transitions of ARDY must be performed synchronously to the 
CPU clock. 


A second ready input (SRDY) is provided to interface with 
externally synchronized ready signals. This input is sampled at 
the end of To and again at the end of each Tw until it is 
sampled HIGH. By using this input rather than the asynchro- 
nous ready input, the half-clock cycle resolution time penalty is 
eliminated. 


This input must satisfy set-up and hold times to guarantee 
proper operation of the circuit. 


In addition, the 80186, as part of the integrated chip-select 
logic, has the capability to program WAIT states for memory 
and peripheral blocks. This is discussed in the Chip Select/ 
Ready Logic description. 


RESET Logic 


The 80186 provides both a RES input pin and a synchronized 
RESET pin for use with other system components. The RES 
input pin on the 80186 is provided with hysteresis in order to 
facilitate power-on Reset generation via an RC network. 
RESET is guaranteed to remain active for at least five clocks 
given a RES input of at least six clocks. RESET may be 
delayed up to two and one-half clocks behind RES. 


Multiple 80186 processors may be synchronized through the 
RES input pin, since this input resets both the processor and 
divide-by-two internal counter in the clock generator. In order 
to insure that the divide-by-two counters all begin counting at 
the same time, the active going edge of RES must satisfy a 25 
ns setup time before the falling edge of the 80186 clock input. 
In addition, in order to insure that all CPUs begin executing in 
the same clock cycle, the reset must satisfy a 25 ns setup time 
before the rising edge of the CLKOUT signal of all the 
processors. 


LOCAL BUS CONTROLLER 


The 80186 provides a local bus controller to generate the local 
bus contro! signals. In addition, it employs a HOLD/HLDA 
protocol for relinquishing the local bus to other bus masters. It 
also provides control lines that can be used to enable external 
buffers and to direct the flow of data on and off the local bus. 


Memory/Peripheral Control 


The 80186 provides ALE, RD, and WR bus control signals. 
The RD and WR signals are used to strobe data from memory 
to the 80186 or to strobe data from the 80186 to memory. The 
ALE line provides a strobe to address latches for the multi- 
plexed address/data bus. The 80186 local bus controller does 
not provide a memory/I/O signal. If this is required, the user 
will have to use the S2 signal (which will require external 
latching), make the memory and I/O spaces nonoverlapping, 
or use only the integrated chip-select circuitry. 


Transceiver Control 


The 80186 generates two control signals to be connected to 
29833/29863 transceiver chips. This capability allows the 
addition of transceivers for extra buffering without adding 
external logic. These control lines, DT/R and DEN, are 


generated to control the flow of data through the transceivers. 
The operation of these signals is shown in Table 6. 


Table 6. Transceiver Control Signals Description 


DEN (Data Enable) Enables the output drivers of the 
transceivers. It is active LOW 
during memory, I/O, or INTA 
cycles. 

Determines the direction of trav- 
el through the transceivers. A 
HIGH level directs data away 
from the processor during write 
operations, while a LOW level 
directs data toward the proces- 
sor during a read operation. 


DT/R (Data Transmit/ 


Receive) 





Local Bus Arbitration 


The 80186 uses a HOLD/HLDA system of local bus ex- 
change. This provides an asynchronous bus exchange mecha- 
nism. This means multiple masters utilizing the same bus can 
operate at separate clock frequencies. The 80186 provides a 
single HOLD/HLDA pari through which all other bus masters 
may gain cotnrol of the local bus. This requires external 
circuitry to arbitrate whcih external device will gain control of 
the bus from the 80186 when there is more than one alternate 
local bus master. When the 80186 relinquishes control of the 
local bus, it floats DEN, RD, WR, S0-S2, LOCK, ADO-AD15, 
A16-A19, BHE, and DT/R to allow another master to drive 
these lines directly. 


The 80186 HOLD latency time, i.e., the time between HOLD 
request and HOLD acknowledge, is a function of the activity 
occurring in the processor when the HOLD request is re- 
ceived. A HOLD request is the highest-priority activity request 
which the processor may receive: higher than instruction 
fetching or internal DMA cycles. However, if a DMA cycle is in 
progress, the 80186 will complete the transfer before relin- 
quishing the bus. This implies that if a HOLD request is 
received just as a DMA transfer begins, the HOLD latency time 
can be as great as 4 bus cycles. This will occur if a DMA word 
transfer operation is taking place from an odd address to an 
odd address. This is a total of 16 clocks or more, if WAIT 
states are required. In addition, if locked transfers are per- 
formed, the HOLD latency time will be increased by the length 
of the locked transfer. 


Local Bus Controller and Reset 


Upon receipt of a RESET pulse from the RES input, the local 

bus controller will perform the following actions: 

® Drive DEN, RD, and WR HIGH for one clock cycle, then 
float. 


NOTE: RE is also provided with an internal pull-up de- 
vice to prevent the processor from inadvertently enter- 
ing Queue Status mode during reset. 


Drive SO-S2 to the passive state (all HIGH) and then float. 
Drive LOCK HIGH and then float. 

Tristate ADO-15, A16-19, BHE, DT/R. 

Drive ALE LOW (ALE is never floated), 

Drive HLDA LOW. 


INTERNAL PERIPHERAL INTERFACE 


All the 80186 integrated peripherals are controlled via 16-bit 
registers contained within an internal 256-byte control block. 
This control block may be mapped into either memory or I/O 
space. Internal logic will recognize the address and respond to 
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the bus cycle. During bus cycles to internal registers, the bus 
controller will signal the operation externally (i.e., the RD, WA, 
status, address, data, etc., lines will be driven as in a normal 
bus cycle), but Dy5-9, SRDY, and ARDY will be ignored. The 
base address of the control block must be on an even 256- 
byte boundary (i.e., the lower 8 bits of the base address are all 
zeros). All of the defined registers.within this control block may 
be read or written by the 80186 CPU at any time. The location 
of any register contained within the 256-byte control block is 
determined by the current base address of the control block. 


The contro! block base address is programmed via a 16-bit 
relocation register contained within the control block at offset 
FEH from the base address of the control block (see Figure 9). 
It provides the upper 12 bits of the base address of the control 
block. Note that mapping the control register block into an 
address range corresponding to a chip-select range is not 
recommended (the chip select circuitry is discussed later in 
this date sheet). In addition, bit 12 of this register determines 
whether the contro! block will be mapped into |/O or memory 
space. If this bit is 1, the control block will be located in 
memory space, whereas if the bit is 0, the control block will be 
located in I/O space. If the control register block is mapped 
into 1/O space, the upper 4 bits of the base address must be 
programmed as 0 (since I/O addresses are only 16 bits wide). 


In addition to providing relocation information for the control 
block, the relocation register contains bits which place the 
interrupt controller into IRMX mode, and cause the CPU to 
interrupt upon encountering ESC instructions. At RESET, the 
relocation register is set to 20FFH. This causes the control 
block to start at FFOOH in I/O space. An offset map of the 256- 
byte control register block is shown in Figure 10. 


14 13 12 11 


10 9 


The integrated 80186 peripherals operate semiautonomously 
from the CPU. Access to them for the most part is via software 
read/write of the control and data locations in the control 
block. Most of these registers can be both read and written. A 
few dedicated lines, such as interrupts and DMA request 
provide real-time communication between the CPU and pe- 
ripherals as in a more conventional system utilizing discrete 
peripheral blocks. The overall interaction and function of the 
peripheral blocks has not substantially changed. 


CHIP-SELECT/READY GENERATION LOGIC 


The 80186 contains logic which provides programmable chip- 
select generation for both memories and peripherals. In 
addition, it can be programmed to provide READY (or WAIT 
state) generation. It can also provide latched address bits A1 
and A2. The chip-select lines are active for all memory and I/O 
cycles in their programmed areas, whether they be generated 
by the CPU or by the integrated DMA unit. 


Memory Chip Selects 


The 80186 provides 6 memory chip select outputs for 3 
address areas: upper memory, lower memory, and midrange 
memory. One each is provided for upper memory and lower 
memory, while four are provided for midrange memory. 


The range for each chip select is user-programmable and can 
be set to 2K, 4K, 8K, 16K, 32K, 64K, 128K (plus 1K and 256K 
for upper and lower chip selects). In addition, the beginning or 
base address of the midrange memory chip select may also be 
selected. Only one chip select may be programmed to be 
active for any memory location at a time. All chip select sizes 
are in bytes, whereas 80186 memory is arranged in words. 
This means that if, for example, 16 64K x 1 memories are 
used, the memory block size will be 128K, not 64K. 


8 7 6 5 4 3 2 1 0 


15 
OFFSET: FEH| ET |RMX| — | M/IO Relocation Address Bits R19-R8 


ET =ESC Trap/No ESC Trap (1/0) 


M/IO = Register block located in Memory/ I/O Space (1/0) 
RMX =Normal Interrupt Controller mode/ IRMX compatible Interrupt Controller mode (0/1) 


Figure 9. Relocation Register 





OFFSET 
FEH 


Relocation Register 
DMA Descriptors Channel 1 
DMA Descriptors Channel 0 
Chip-Select Control Registers 

Timer 2 Control Registers 

Timer 1 Contro! Registers 

Timer 0 Control Registers 
Interrupt Controller Registers 


Figure 10. Internal Register Map 


Upper Memory CS 


The 80186 provides a chip select, called UCS, for the top of 
memory. The top of memory is usually used as the system 
memory because after reset the 80186 begins executing at 
memory location FFFFOH. 


The upper limit of memory defined by this chip select is always 
FFFFFH, while the lower limit is programmable. By program- 
ming the lower limit, the size of the select block is also 
defined. Table 7 shows the relationship between the base 
address selected and the size of the memory block obtained. 


Table 7. UMCS Programming Values 


Starting 
Address 
(Base 
Address) 


UMCS Value 
(Assuming 
RO = R1 = R2=0) 


Memory 
Block 


The lower limit of this memory block is defined in the UMCS 
register (see Figure 11). This register is at offset AOH in the 
internal control block. The legal values for bits 6-13 and the 
resulting starting address and memory block sizes are given in 
Table 7. Any combination of bits 6-13 not shown in Table 7 will 
result in undefined operation. After reset, the UMCS register is 
programmed for a 1K area. It must be reprogrammed if a 
larger upper memory area is desired. 


Any internally generally 20-bit address whose upper 16-bits 
are greater than or equal to UMCS (with bits 0-5 ''0"’) will 


cause UCS to be activated. UMCS bits R2-RO are used to 
specify READY mode for the area of memory defined by this 
chip-select register, as explained below. 


Lower Memory CS 


The 80186 provides a chip select for low memory called LCS. 
The bottom of memory contains the interrupt vector table, 
starting at location OOOOOH. 


The lower limit of memory defined by this chip select is always 
OH, while the upper timit is programmable. By programming 
the upper limit, the size of the memory block is also defined. 
Table 8 shows the relationship between the upper address 
selected and the size of the memory block obtained. 


Table 8. LMCS Programming Values 
LMCS Value 


(Assuming 
RO = R1 =R2= 0) 


Upper 
Address 


003FFH 
007FFH 
OOFFFH 
O1FFFH 


O3FFFH 
O7FFFH 
OFFFFH 
1FFFFH 
3FFFFH 


The upper limit of this memory block is defined in the LMCS 
register (see Figure 12). This register is at offset A2H in the 
internal control block. The legal values for bits 6-15 and the 
resulting upper address and memory block sizes are given in 
Table 8. Any combination of bits 6-15 not shown in Table 8 will 
result in undefined operation. After reset, the LMCS register 
value is undefined. However, the LCS chip-select fine will not 
become active until the LMCS register is accessed. 


Any internally generated 20-bit address whose upper 16 bits 
are less than or equal to LMCS (with bits 0-5 ''1"') will cause 
LCS to be active. LMCS register bits R2-RO are used to 
specify the READY mode for the area of memory defined by 
this chip-select register. 


Mid-Range Memory CS 


The 80186 provides four MCS lines which are active within a 
user-locatable memory block. This block can be located 
anywhere within the 80186 1M byte memory address space 
exclusive of the areas defined by UCS and LCS. Both the base 
address and size of this memory block are programmable. 


The size of the memory block defined by the midrange select 
lines, as shown in Table 9, is determined by bits 8-14 of the 
MPCS register (see Figure 13). This register is at location A8H 
in the internal control block. One and only one of bits 8-14 
must be set at a time. Unpredictable operation of the MCS 
lines will otherwise occur. Each of the four chip-select lines is 
active for one of the four equal contiguous divisions of the mid- 
range block. Thus, if the total block size is 23K, each chip 
select is active for 8K of memory with MCS0 being active for 
the first range and MCS3 being active for the last range. 


The EX and MS in MPCS relate to peripheral functionally as 
described in a later section. 
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Table 9. MMCS Programming Values 


Total Block Individual MNCS Bits 
Size Select Size 14-8 


0000001B 
0000010B 
0000100B 
0001000B 
0010000B 
0100000B 
1000000B 


The base address of the mid-range memory block is defined 
by bits 15-9 of the MMCS register (see Figure 14). This 
register is at offset AGH in the internal contro! block. These 
bits correspond to bits A19-A13 of the 20-bit memory address. 
Bits A12-A0 of the base address area always 0. The base 
address may be set at any integer multiple of the size of the 
total memory block selected. For example, if the midrange 
block size is 32K (or the size of the block for which each MCS 
line is active is 8K), the block could be located at 10000H or 
18000H, but not at 14000H, since the first few integer 
multiples of a 32K memory block are 0H, 8000H, 10000H, 
18000H, etc. After reset, the contents of both of these 
registers is undefined. However, none of the MCS lines will be 
active until both the MMCS and MPCS registers are accessed. 


Ait 


Figure 11. UMCS Register 
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Figure 12. LMCS Register 
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Figure 13. MPCS Register 


A13 


Figure 14. MMCS Register 


MMCS bits R2-RO specify READY mode of operation for all 
mid-range chip selects. All devices in mid-range memory must 
use the same number of WAIT states. 


The 512K block size for the mid-range memory chip selects is 
a special case. When using 512K, the base address would 
have to be at either locations OOO00H or 80000H. If it were to 
be programmed at 00000H when the LCS line was pro- 
grammed, there would be an internal conflict between the LCS 
ready generation logic and the MCS ready generation logic. 
Likewise, if the base address were programmed at 80000H, 
there would be a conflict with the UCS ready generation logic. 
Since the LCS chip-select line does not become active until 
programmed, while the UCS line is active at reset, the memory 
base can be set only at OOOOOH. If this base address is 
selected, however, the LCS range must not be programmed. 


3-16 


Peripheral Chip Selects 


The 80186 can generate chip selects for up to seven 
peripheral devices. These chip selects are active for seven 
contiguous blocks of 128 bytes above a programmable base 
address. This base address may be located in either memory 
or I/O space. 


Seven C&S lines called PCS0-6 are generated by the 80186. 
The base address is user-programmable; however it can only 
be a multiple of 1K bytes, i.e., the least significant 10 bits of 
the starting address are always 0. 


PCS5 and PCS6 can also be programmed to provide latched 
address bits A1, A2. If so programmed, they cannot be used 
as peripheral selects. These outputs can be connected 
directly to the AO, A1 pins used for selecting internal registers 
of 8-bit peripheral chips. This scheme simplifies the hardware 
interface because the 8-bit registers of peripherals are simply 





treated as 16-bit registers located on even boundaries in I/O 
space or memory space where only the lower 8-bits of the 
register are significant: the upper 8-bits are “don't cares.” 


The starting address of the peripheral chip-select block is 
defined by the PACS register (see Figure 15). This register is 
located at offset A4H in the internal control block. Bits 15-6 of 
this register correspond to bits 19-10 of the 20-bit Programma- 


ble Base Address (PBA) of the peripheral chip-select block. 
Bits 9-0 of the PBA of the peripheral chip-select block are all 
zeros. If the chip-select block is located in I/O space, bits 12- 
15 must be programmed zero, since the I/O address is only 16 
bits wide. Table 10 shows the address range of each 
peripheral chip select with respect to the PBA contained in 
PACS register. 


Figure 15. PACS Register 


The user should program bits 15-6 to correspond to the 
desired peripheral base location. PACS bits 0-2 are used to 
specify READY mode for PCSO-PCS3. 


Table 10. PCS Address Ranges 


PCS Line Active between Locations 


PBA — PBA + 127 
PBA + 128 — PBA + 255 
PBA + 256 — PBA + 383 
PBA + 384 — PBA + 511 
PBA + 512 — PBA + 639 
PBA + 640 — PBA + 767 
PBA + 768 — PBA + 895 


The mode of operation of the peripheral chip selects is defined 
by the MPCS register (which is also used to set the size of the 
mid-range memory chip-select block, see Figure 16). This 
register is located at offset A8H in the internal contro! block. 
Bit 7 is used to select the function of PCS5 and PCS6, while bit 
6 is used to select whether the peripheral chip selects are 
mapped into memory or I/O space. Table 11 describes the 
programming of these bits. After reset, the contents of both 
the MPCS and the PACS registers are undefined, however 
none of the PCS lines will be active unti! both of the MPCS and 
PACS registers are accessed. 


Table 11. MS, EX Programming Values 


Ce [__Beserintion 


1 = Peripherals mapped into memory space. 
0 = Peripherals mapped into I/O space. 
0=5 PCS lines. A1, A2 provided. 

1=7 PCS lines. A1, A2 are not provided. 


MPCS bits 0-2 are used to specify READY mode for PCS4- 
PCS6 as outlined below. 


READY Generation Logic 


The 80186 can generate a "READY" signal internally for each 
of the memory or peripheral CS lines. The number of WAIT 
states to be inserted for each peripheral or memory is 
programmable to provide 0-3 wait states for all accesses to 
the area for which the chip select is active. In addition, the 
80186 may be programmed to either ignore external READY 
for each chip- select range individually or to factor external 
READY with the integrated ready generator. 
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READY control consists of 3 bits for each CS line or group of 
lines generated by the 80186. The interpretation of the ready 
bits is shown in Table 12. 


Table 12. READY Bits Programming 


Gat) Gal Number of WAIT States Generated 


0 wait states, external RDY also used. 

1 wait state inserted, external RDY also 
used. 

2 wait states inserted, external RDY also 
used. 

3 wait states inserted, external RDY also 
used. 

0 wait states, external RDY ignored. 

1 wait state inserted, external RDY 
ignored. 

2 wait states inserted, external RDY ig- 
nored. 

3 wait states inserted, external RDY ig- 
nored. 


The internal ready generator operates in parallel with external 
READY, not in series if the external READY is used (R2 = 0). 
This means, for example, if the internal generator is set to 
insert two wait states, but activity on the external READY lines 
will insert four wait states, the processor will only insert four 
wait states, not six. This is because the two wait states 
generated by the internal generator overlapped the first two 
wait states generated by the external ready signal. Note that 
the external ARDY and SRDY lines are always ignored during 
cycles accessing internal peripherals. 


R2-RO of each control word specifies the READY mode for the 
corresponding block, with the exception of the peripheral chip 
selects: R2-RO of PACS set the PCSO-3 READY mode, R2-RO 
of MPCS set the PCS4-6 READY mode. 


Chip Select/Ready Logic and Reset 


Upon reset, the Chip-Select/Ready Logic will perform the 

following actions: 

@ All chip-select outputs will be driven HIGH. 

@ Upon leaving RESET, the UCS line will be programmed to 
provide chip selects to a 1K block with the accompanying 
READY control bits set at 011 to allow the maximum 
number of internal wait states in conjunction with external 
Ready consideration (i.e. UMCS resets to FFFBH). 
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Figure 16. MPCS Register 


No other chip select or READY control registers have any 
predefined values after RESET. They will not become 
active until the CPU accesses their control registers. Both 
the PACS and MPCS registers must be accessed before 
the PCS lines will become active. 


DMA CHANNELS 


The 80186 DMA controller provides two independent high- 
speed DMA channels. Data transfers can occur between 
memory and |/O spaces (e.g., Memory to I/O) or within the 
same space (e.g., Memory to Memory or I/O to I/O). Data can 
be transferred either in bytes (8 bits) or in words (16 bits) to or 
from even or odd addresses. Each DMA channel maintains 
both a 20-bit source and destination pointer which can be 
optionally incremented or decremented after each data trans- 
fer (by one or two depending on byte or word transfers). Each 
data transfer consumes 2 bus cycles (a minimum of 8 clocks), 
one cycle to fetch data and the other to store data. This 
provides a maximum data transfer rate of one Mword/sec or 2 
MBytes/sec. 


DMA Operation 


Each channel has six registers in the control block which 
define each channel's specific operation. The control registers 


20 BIT ADDER/SUBTRACTOR 


TRANSFER COUNTER CH. 1 
DEST. ADRS. POINTER CH. 1 


TRANSFER COUNTER CH. 0 
DEST. ADRS. POINTER CH. 0 
SRC. ADRS. POINTER CH. 0 
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consist of a 20-bit Source pointer (2 words), a 20-bit Destina- 
tion pointer (2 words), a 16-bit Transfer Counter, and a 16-bit 
Control Word. The format of the DMA Control Blocks is shown 
in Table 13. The Transfer Count Register (TC) specifies the 
number of DMA transfers to be performed. Up to 64K byte or 
word transfers can be performed with automatic termination. 
The Control Word defines the channel's operation (see Figure 
18). All registers may be modified or altered during any DMA 
activity. Anyl changes made to these registers will be reflected 
immediately in DMA operation. 


Table 13. DMA Control Block Format 


Register Address 
Register Name | ch.o | ch. 1 | 


Control Word 


Transfer Count 

Destination Pointer (upper 4 bits) 
Destination Pointer 

Source Pointer (upper 4 bits) 
Source Pointer 





TIMER REQUEST 


REQUEST 
SELECTION 
LOGIC 


CHANNEL CONTROL WORD 0 


| CHANNEL CONTROL WORD 1 


INTERNAL ADDRESS/DATA BUS 


BD003570 


Figure 17. DMA Unit Block Diagram 





X= DON'T CARE 


CHG/ | ST/ 
NOCHG| STOP 


Figure 18. DMA Control Register 


DMA Channel Control Word Register 


Each DMA Channel Control Word determines the mode of 
operation for the particular 80186 DMA channel. This register 
specifies: 


@ the mode of synchronization; 

@ whether bytes or words will be transferred; 

@ whether interrupts will be generated after the last transfer; 

@ whether DMA activity will cease after a programmed 
number of DMA cycles; 
the relative priority of the DMA channel with respect to the 
other DMA channel; 
whether the source pointer will be incremented, decrement- 
ed, or maintained constant after each transfer; 
whether the source pointer addresses memory or !/O 
space; 
whether the destination pointer will be incremented, dec- 
remented, or maintained constant after each transfer; and 
whether the destination pointer will address memory or !/O 
space. 


The DMA channel control registers may be changed while the 
channel is operating. However, any changes made during 
operation will affect the current DMA transfer. 


DMA Control Word Bit Descriptions 


B/W: 
ST/STOP: 
CHG/NOCHG: 


Byte/Word (0/1) Transfers. 
Start/stop (1/0) Channel. 


Change/Do not change (1/0) ST/ 
STOP bit. If this bit is set when writing 
to the control word, the ST/STOP bit 
will be programmed by the write to 
the control word. If this bit is cleared 
when writing the control word, the 
ST/STOP bit will not be altered. This 
bit is not stored; it will always be a 0 
on read. 


Enable Interrupts to CPU on byte 
count termination. 


If set, DMA will terminate when the 
contents of the Transfer Count 
register reach zero. The ST/STOP bit 
will also be reset at this point if TC is 
set. If this bit is cleared, the DMA unit 
will decrement the transfer count 
register for each DMA cycle, but the 
DMA transfer will not stop when the 
contents of the TC register reach 
zero. 


3-19 


No synchronization 

NOTE: The ST bit will be cleared 
automatically when the contents 
of the TC register reach zero re 
gardiess of the state of the bit. 


01 Source synchronization. 
10 Destination synchronization. 
11 Unused. 


SOURCE: INC Increment source pointer by 1 or 2 
(depends on B/W) after each 


transfer. 


M/| Source pointer is in M/IO space (1/ 


0). 


Decrement source pointer by 1 or 2 
(depends on B/W) after each 
transfer. 


DEC 


DEST: INC Increment destination pointer by 1 or 


2 (B/W) after each transfer. 
Destination pointer is in M/IO space 
(1/0). 


Decrement destination pointer by 1 
or 2 (depending on B/W) after each 
transfer. 


M/IO 


DEC 


Channel priority-relative to other 
channel. 

0 low priority. 

1 high priority. 

Channels will alternate cycles if both 
set at same priority level. 


0: Disable DMA requests from timer 

2. 

1: Enable DMA requests from timer 2. 
Bit 3 - Bit 3 is not used. 
If both INC and DEC are specified for the same pointer, the 
pointer will remain constant after each cycle. 


DMA Destination and Source Pointer 
Registers 


Each DMA channel maintains a 20-bit source and a 20-bit 
destination pointer. Each of these pointers takes up two full 
16-bit registers in the peripheral contro! block. The lower four 
bits of the upper register contain the upper four bits of the 20- 
bit physical address (see Figure 18a). These pointers may be 
individually incremented or decremented after each transfer. If 
word transfers are performed the pointer is incremented or 
decremented by two. Each pointer may point into either 
memory or I/O space. Since the DMA channels can perform 
transfers to or from odd addresses, there is no restriction on 
values for the pointer registers. Higher transfer rates can be 
obtained if all word transfers are performed to even ad- 
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dresses, since this will allow data to be accessed in a single 
memory access. 


DMA Transfer Count Register 


Each DMA channel maintains a 16-bit transfer count register 
(TC). This register is decremented after every DMA cycle, 
regardless of the state of the TC bit in the DMA Control 
Register. If the TC bit in the DMA control word is set, however, 
DMA activity will terminate when the transfer count register 
reaches zero. 


DMA Requests 


Data transfers may be either source or destination synchro- 
nized, that is either the source of the data or the destination of 
the data may request the data transfer. In addition, DMA 
transfers may be unsynchronized; that is, the transfer will take 
place continually until the correct number of transfers has 
occurred. When source or unsynchronized transfers are per- 
formed, the DMA channel may begin another transfer immedi- 
ately after the end of a previous DMA transfer. This allows 
complete transfer to take place every 2 bus cycles or eight 
clock cycles (assuming no wait states). No prefetching occurs 


HIGHER 
REGISTER 
ADDRESS 


LOWER 
REGISTER 
ADDRESS 


15 
XXX = DON'T CARE 


when destination synchronization is performed, however. Data 
will not be fetched from the source address until the destina- 
tion device signatis that it is ready to receive it. When 
destination synchronized transfers are requested, the DMA 
controller will relinquish control of the bus after every transfer. 
If no other bus activity is initiated, another DMA cycle will 
begin after two processor clocks. This is done to allow the 
destination device time to remove its request if another 
transfer is not desired. Since the DMA controller will relinquish 
the bus, the CPU can initiate a bus cycle. As a result, a 
complete bus cycle will often be inserted between destination 
synchronized transfers. These lead to the maximum DMA 
transfer rates shown in Table 14. 


Table 14. Maximum DMA Transfer Rates 


2MBytes/sec 2MBytes/sec 
2MBytes/sec 2MBytes/sec 
1.3MBytes/sec | 1.5MBytes/sec 


Type of 
Synchronization 
Selected 


Unsynchronized 
Source Synch 
Destination Synch 


A15-A12 A11-A6 A3— AO 


0 


Figure 18a. DMA Memory Pointer Register Format 


DMA Acknowledge 


No explicit DMA acknowledge pulse is provided. Since both 
source and destination pointers are maintained, a read from a 
requesting source, or a write to a requesting destination, 
should be used as the DMA acknowledge signal. Since the 
chip-select lines can be programmed to be active for a given 
block of memory or I/O space, and the DMA pointers can be 
programmed to point to the same given block, a chip-select 
line could be used to indicate a DMA acknowledge. 


DMA Priority 


The DMA channels may be programmed such that one 
channel is always given priority over the other, or they may be 
programmed such as to alternate cycles when both have DMA 
requests pending. DMA cycles always have priority over 
internal CPU cycles except between locked memory accesses 
or word accesses the odd memory locations; however, an 
external bus hold takes priority over an internal DMA cycle. 
Because an interrupt request cannot suspend a DMA opera- 
tion and the CPU cannot access memory during a DMA cycle, 
interrupt latency time will suffer during sequences of continu- 
ous DMA cycles. An NMI request, however, will cause all 
internal DMA activity to halt. This allows the CPU to quickly 
respond to the NMI request. 


DMA Programming 


DMA cycles will occur whenever the ST/STOP bit of the Control 
Register is set. lf synchronized transfers are programmed, a 
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DRQ must also have been generated. Therefore, the source 
and destination transfer pointers, and the transfer count register 
(if used) must be programmed before this bit is set. 


Each DMA register may be modified while the channel is 
operating. If the CHG/NOCHG bit is cleared when the control 
register is written, the ST/STOP bit of the control register will 
not be modified by the write. If multiple channel registers are 
modified, it is recommended that a LOCKED string transfer be 
used to prevent a DMA transfer from occurring between 
updates to the channel registers. 


DMA Channels and Reset 


Upon RESET, the DMA channels will perform the following 
actions: 

@ The Start/Stop bit for each channel will be rest to STOP. 
@ Any transfer in progress is aborted. 


TIMERS 


The 80186 provides three internal 16-bit programmable timers 
(see Figure 19). Two of these are highly flexible and are 
connected to four external pins (2 per timer). They can be 
used to count external events, time external events, generate 
nonrepetitive waveforms, etc. The third timer is not connected 
to any external pins, and is useful for real-time coding and time 
delay applications. In addition, this third timer can be used as a 
prescaler to the other two, or as a DMA request source. 
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Figure 19. Timer Block Diagram 


Timer Operation 


The timers are controlled by 11 16-bit registers in the internal 
peripheral control block. The configuration of these registers is 
shown in Table 15. The count register contains the current 
value of the timer. It can be read or written at any time 
independent of whether the timer is running or not. The value 
of this register will be incremented for each timer event. Each 
of the timers is equipped with a MAX COUNT register, which 
defines the maximum count the timer will reach. After reaching 
the MAX COUNT register value, the timer count value will 
reset to zero during that same clock, i.e., the maximum count 
value is never stored in the count register itself. Timers 0 and 1 
are, in addition, equipped with a second MAX COUNT register, 
which enables the timers to alternate their count between two 
different MAX COUNT values programmed by the user. If a 
single MAX COUNT register is used, the timer output pin will 
switch LOW for a single clock, 2 clocks after the maximum 
count value has been reached. In the dual MAX COUNT 
register mode, the output pin will indicate which MAX COUNT 
register is currently in use, thus allowing nearly complete 
freedom in selecting waveform duty cycles. For the timers with 
two MAX COUNT registers, the RIU bit in the control register 
determines which is used for the comparison. 


Each timer gets serviced every fourth CPU-clock cycle, and 
thus can operate at speeds up to one-quarter the internal 
clock frequency (one-eighth the crystal rate). External clocking 
of the timers may be done at up to a rate of one-quarter of the 
internal CPU-clock rate (2 MHz for an 8 MHz CPU clock). Due 
to internal synchronization and pipelining of the timer circuitry, 
a timer output may take up to 6 clocks to respond to any 
individual clock or gate input. 
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Since the count registers and the maximum count registers 
are all 16 bits wide, 16 bits of resolution are provided. Any 
Read or Write access to the timers will add one wait state to 
the minimum four-clock bus cycle. However, this is needed to 
synchronize and coordinate the internal data flows between 
the internal timers and the internal bus. 


The timers have several programmable options. 

e@ All three timers can be set to halt or continue on a terminal 
count. 

@ Timers 0 and 1 can select between internal and external 
clocks, alternate between MAX COUNT registers and be 
set to retrigger on external events. 

The timers may be programmed to cause an interrupt on 
terminal count. 


“These options are selectable via the timer mode/control word. 


Timer Mode/Control Register 


The mode/control register (see Figure 20) allows the user to 
program the specific mode of operation or check the current 
programmed status for any of the three integrated timers. 


Table 15. Timer Control Block format 


Register Offset 


r. 2 
Mode/Control Word 56H 66H 
54H not present 
52H 62H 
50H 


Max Count B 
Max Count A 
Count Register 


13 12 11 5 4 3 2 1 0 
at Pru o [wo [are] p [er [ar [oon 


Figure 20. Timer Mode/Contro! Register 
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ALT: 


The ALT bit determines which of two MAX COUNT registers is 
used for count comparison. If ALT = 0, register A for that timer 
is always used, while if ALT = 1, the comparison will alternate 
between register A and register B when each maximum count 
is reached. This alternation allows the user to change one 
MAX COUNT register while the other is being used, and thus 
provides a method of generating nonrepetitive waveforms. 
Square waves and pulse outputs of any duty cycle are a 
subset of available signals obtained by not changing the final 
count registers. The ALT bit also determines the function of 
the timer output pin. If ALT is zero, the output pin will go LOW 
for one clock, the clock after the maximum count is reached, If 
ALT is one, the output pin will reflect the current MAX COUNT 
register being used (0/1 for B/A). 


CONT: 


Setting the CONT bit causes the associated timer to run 
continuously, while resetting it causes the timer to halt upon 
maximum count. If CONT = 0 and ALT = 1, the timer will count 
to the MAX COUNT register A value, reset, count to the 
register B value, reset, and halt. 


EXT: 


The external bit selects between internal and external clocking 
for the timer. The external signa! may be asynchronous with 
respect to the 80186 clock. If this bit is set, the timer will count 
LOW-to-HIGH transitions on the input pin. If cleared, it will 
count an internal clock while using the input pin for control. In 
this mode, the function of the external pin is defined by the 
RTG bit. The maximum input to output transition latency time 
may be as much as 6 clocks. However, clock inputs may be 
pipelined as closely together as every 4 clocks without losing 
clock pulses. 


P: 


The prescaler bit is ignored unless internal clocking has been 
selected (EXT = 0). If the P bit is a zero, the timer will count at 
one-fourth the internal CPU clock rate. If the P bit is a one, the 
output of timer 2 will be used as a clock for the timer. Note that 
the user must initialize and start timer 2 to obtain the prescaled 
clock. 


RTG: 


Retrigger bit is only active for internal clocking (EXT = 0). In 
this case it determines the control function provided by the 
input pin. 


If RTG = 0, the input level gates the internal clock on and off. 
If the input pin is HIGH, the timer will count; if the input pin is 
LOW, the timer wil! hold its value. As indicated previously, the 
input signal may be asynchronous with respect to the 80186 
clock. 


When RTG = 1, the input pin detects LOW-to-HIGH transi- 
tions. The first such transition starts the timer running, clearing 
the timer value to zero on the first clock, and then increment- 
ing thereafter. Further transitions on the input pin will again 
reset the timer to zero, from which it will start counting up 
again. If CONT = 0, when the timer has reached maximum 
count, the EN bit will be cleared, inhibiting further timer activity. 


EN: 


The enable bit provides programmer control over the timer's 
RUN/HALT status. When set, the timer is enabled to incre- 
ment subject to the input pin constraints in the internal clock 
mode (discussed previously). When cleared, the timer will be 
inhibited from counting. All input pin transitions during the time 
EN is zero will be ignored. If CONT is zero, the EN bit is 
automatically cleared upon maximum count. 
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INH: 


The inhibit bit allows for selective updating of the enable (EN) 
bit. If INH is a one during the write to the mode/control word, 
then the state of the EN bit will be modified by the write. If INH 
is a zero during the write, the EN bit will be unaffected by the 
operation. This bit is not stored; it will always be a 0 on a read. 


INT: 


When set, the INT bit enables interrupts from the timer, which 
will be generated on every terminal count. If the timer is 
configured in dua! MAX COUNT register mode, an interrupt will 
be generated each time the value in MAX COUNT register A is 
reached, and each time the value in MAX COUNT register B is 
reached. If this enable bit is cleared after the interrupt request 
has been generated, but before a pending interrupt is ser- 
viced, the interrupt request will still be in force. (The request is 
latched in the Interrupt Controller.) 


NC: 


The Maximum Count bit is set whenever the timer reaches its 
final maximum count value. If the timer is configured in dual 
MAX COUNT register mode, this bit will be set each time the 
value in MAX COUNT register A is reached, and each time the 
value in MAX COUNT register B is reached. This bit is set 
regardless of the timer's interrupt-enable bit. The MC bit gives 
the user the ability to monitor timer status through software 
instead of through interrupts. 


RIU: 


The Register In Use bit indicates which MAX COUNT register 
is currently being used for comparison to the timer count 
value. A zero value indicates register A. The RIU bit cannot be 
written, i.e., its value is not affected when the control register 
is written. It is always cleared when the ALT bit is zero. 


Not all mode bits are provided for timer 2. Certain bits 
are hardwired as indicated below: 


ALT = 0, EXT=0, P=0, RTG=0, RIU=0 


Count Registers 


Each of the three timers has a 16-bit count register. The 
current contents of this register may be read or written by the 
processor at any time. If the register is written into while the 
timer is counting, the new value will take effect in the current 
count cycle. 


Max Count Registers 


Timers 0 and 1 have two MAX COUNT registers, while timer 2 
has a single MAX COUNT register. These contain the number 
of events the timer will count. In timers 0 and 1, the MAX 
COUNT register used can alternate between the two max 
count values whenever the current maximum count is 
reached. The condition which causes a timer to reset is 
equivalent between the current count value and the max count 
being used. This means that if the count is changed to be 
above the max count value, or if the max count value is 
changed to be below the current value, the timer will not reset 
to zero, but rather will count to its maximum value, ''wrap 
around'' to zero, then count until the max count is reached. 


Timers and Reset 


Upon RESET, the Timers will perform the following actions: 

e@ Ail EN (Enable) bits are reset preventing timer counting. 

@ All SEL (Select) bits are reset to zero. This selects MAX 
COUNT register A, resulting in the Timer Out pins going 
HIGH upon RESET. 





INTERRUPT CONTROLLER 


The 80186 can receive interrupts from a number of sources, 
both internal and external. The internal interrupt controller 
serves to merge these requests on a priority basis, for 
individual service by the CPU. Internal interrupt sources 
(Timers and DMA channels) can be disabled by their own 
control registers or by mask bits within the interrupt controller. 
The 80186 interrupt controller has its own control registers 
that set the mode of operation for the controller. 


The interrupt controller will resolve priority among requests 
that are pending simultaneously. Nesting is provided so 
interrupt service routines for lower priority interrupts may 
themselves be interrupted by higher priority interrupts. A block 
diagram of the interrupt controller is shown in Figure 21. 


The interrupt controller has a special iRMX 86 compatibility 
mode that allows the use of the 80186 within the iRMX 86 
operating system interrupt structure. The controller is set in 
this mode by setting bit 14 in the peripheral control block 
relocation register (see IRMX 86 Compatibility Mode section). 
In this mode, the internal 80186 interrupt controller functions 
as a ''slave'' controller to an external ''master'' controller. 
Special initialization software must be included to properly set 
up the 80186 interrupt controller in iRMX 86 mode. 


MASTER (NON-iRMX) MODE OPERATION 


Interrupt Controller External Interface 


For external interrupt sources, five dedicated pins are provid- 
ed. One of these pins is dedicated to NMI, non-maskable 
interrupt. This is typically used for power-fail interrupts, etc. 
The other four pins may function either as four interrupt input 
lines with internally generated interrupt vectors, as an interrupt 
line and an interrupt acknowledge line (called the ‘'cascade 
mode"’) along with two other input lines with internally generat- 
ed interrupt vectors, or as two interrupt input lines and two 
dedicated interrupt acknowledge ouput lines. When the inter- 
rupt lines are configured in cascade mode, the 80186 interrupt 
controller will not generate internal interrupt vectors. 


External sources in the cascade mode use externally generat- 
ed interrupt vectors. When an interrupt is acknowledged, two 
INTA cycles are initiated and the vector is read into the 80186 
on the second cycle. The capability to interface to external 
8259A programmable interrupt controllers is thus provided 
when the inputs are configured in cascade mode. 


Interrupt Controller Modes of Operation 


The basic modes of operation of the interrupt controller in non- 
iRMX mode are similar to the 8259A. The interrupt controller 
responds identically to internal interrupts in all three modes: 
the difference is only in the interpretation of function of the 
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four external interrupt pins. The interrupt controller is set into 
one of these three modes by programming the correct bits in 
the INTO and INT1 contro! registers. The modes of interrupt 
controller operation are as follows: 


Fully Nested Mode 


When in the fully nested mode four pins are used as direct 
interrupt requests. The vectors for these four inputs are 
generated internally. An in-service bit is provided for every 
interrupt source. If a lower-priority device requests an interrupt 
while the in-service bit (IS) is set, no interrupt will be generated 
by the interrupt controller. In addition, if another interrupt 
request occurs from the same interrupt source while the 
inservice bit is set, no interrupt will be generated by the 
interrupt controller. This allows interrupt service routines to 
operate with interrupts enabled without being themselves 
interrupted by lower-priority interrupts. Since interrupts are 
enabled, higher-priority interrupts will be serviced. 


When a service routine is completed, the proper IS bit must be 
reset by writing the proper pattern to the EOl register. This is 
required to allow subsequent interrupts from this interrupt 
source and to allow servicing of lower-priority interrupts. An 
EOI command is issued at the end of the service routine just 
before the issuance of the return from interrupt instruction. If 
the fully nested structure has been upheld, the next highest- 
priority source with its IS bit set is then serviced. 


Cascade Mode 


The 80186 has four interrupt pins and two of them have dual 
functions. In the fully nested mode the four pins are used as 
direct interrupt inputs and the corresponding vectors are 
generated internally. In the cascade mode, the four pins are 
configured into interrupt input-dedicated acknowledge signal 
pairs. The interconnection is shown in Figure 22. INTO is an 
interrupt input interfaced to an 8259A, while INT2/INTAO 
serves as the dedicated interrupt acknowledge signal to that 
peripheral. The same is true for INT1 and INT3/INTA1. Each 
pair can selectively be placed in the cascade or non-cascade 
mode by programming the proper value into INTO and INT1 
control registers. The use of the dedicated acknowledge 
signals eliminates the need for the use of external logic to 
generate INTA and device select signals. 


The primary cascade mode allows the capability to serve up to 
128 external interrupt sources through the use of external 
master and slave 8259As. Three levels of priority are created, 
requiring priority resolution in the 80186 interrupt controller, 
the master 8259As, and the slave 8259As. If an external 
interrupt is serviced, one IS bit is set at each of these levels. 
When the interrupt service routine is completed, up to three 
end-of-interrupt commands must be issued by the program- 
mer. 
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Figure 21. Interrupt Controller Block Diagram 


Special Fully Nested Mode 


This mode is entered by setting the SFNM bit in INTO or INT1 
control register. It enables complete nestability with external 
8259A masters. Normally, an interrupt request from an inter- 
rupt source will not be recognized unless the in-service bit for 
that source is reset. If more than one interrupt source is 
connected to an external interrupt controller, all of the 
interrupts will be funneled through the same 80186 interrupt 
request pin. As a result, if the external interrupt controller 
receives a higher-priority interrupt, its interrupt will not be 
recognized by the 80186 controller until the 80186 in-service 
bit is reset. In special fully nested mode, the 80186 interrupt 
controller will allow interrupts from an external pin regardless 
of the state of the in-service bit for an interrupt source in order 
to allow multiple interrupts from a single pin. An in-service bit 
will continue to be set, however, to inhibit interrupts from other 
lower-priority 80186 interrupt sources. 


Special procedures should be followed when resetting IS bits 
at the end of interrupt service routines. Software polling of the 
external master's 1S register is required to determine if there is 
more than one bit set. If so, the IS bit in the 80186 remains 
active and the next interrupt service routine is entered. 


Operation in a Polled Environment 


The controller may be used in a polled mode if interrupts are 
undesirable. When polling, the processor disables interrupts 
and then polls the interrupt controller whenever it is conve- 
nient. Polling the interrupt controller is accomplished by 
reading the Poll Word (Figure 9). bit 15 in the poll word 
indicates to the processor that an interrupt of high enough 
priority is requesting service. Reading the Poll Word causes 
the In-Service bit of the highest-priority source to be set. 


It is desirable to be able to read the Poll Word information 
without guaranteeing service of any pending interrupt, i.e., not 
set the indicated in-service bit. The 80186 provides a Poll 
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Status Word in addition to the conventional Poll Word to allow 
this to be done. Poll Word information is duplicated in the Poll 
Status Word, but reading the Poll Status Word does not set 
the associated in-service bit. These words are located in two 
adjacent memory locations in the register file. 


Master Mode Features 
Programmable Priority 


The user can program the interrupt sources into any of eight 
different priority levels. The programming is done by placing a 
3-bit priority level (0-7) in the control register of each interrupt 
source. (A source with a priority level of 4 has higher priority 
over all priority levels from 5 to 7. Priority registers containing 
values lower than 4 have greater priority.) All interrupt sources 
have preprogrammed default priority levels (see Table 4). 


If two requests with the same programmed priority level are 
pending at once, the priority ordering scheme shown in Table 
4 is used. If the serviced interrupt routine reenables interrupts, 
it allows other requests to be serviced. 


End-of-Interrupt Command 


The end-of-interrupt (EOI) command is used by the program- 
mer to reset the In-Service (IS) bit when an interrupt service 
routine is completed. The EOI command is issued by writing 
the proper pattern to the EOI register. There are two types of 
EOI commands, specific and nonspecific. The nonspecific 
command does not specify which IS bit is reset. When issued, 
the interrupt controller automatically resets the IS bit of the 
highest priority source with an active service routine. A specific 
EOI command requires that the programmer send the interrupt 
vector type to the interrupt controller indicating which source's 
IS bit is to be reset. This command is used when the fully 
nested structure has been disturbed or the highest priority IS 
bit that was set does not belong to the service routine in 
progress. 











Trigger Mode 


The four external interrupt pins can be programmed in either 
edge- or level-trigger mode. The control register for each 
external source has a level-trigger mode (LTM) bit. All interrupt 
inputs are active HIGH. In the edge sense mode or the level- 
trigger mode the interrupt request must remain active (HIGH) 
until the interrupt request is acknowledged by the 80186 CPU. 
In the edge-sense mode, if the level remains high after the 
interrupt is acknowledged, the input is disabled and no further 
requests will be generated. The input level must go LOW for at 
least one clock cycle to reenable the input. In the level-trigger 
mode, no such provision is made: holding the interrupt input 
HIGH will cause continuous interrupt requests. 


Interrupt Vectoring 


The 80186 Interrupt Controller will generate interrupt vectors 
for the integrated DMA channels and the integrated Timers. In 
addition, the Interrupt Controller will generate interrupt vectors 
for the external interrupt lines if they are not configured in 
Cascade or Special Fully Nested Mode. The interrupt vectors 
generated are fixed and cannot be changed (see Table 4). 


Interrupt Controller Registers 


The Interrupt Controller register model is shown in Figure 23. It 
contains 15 registers. All registers can both be read or written 
unless specified otherwise. 


In-Service Register 


This register can be read from or written into. The format is 
shown in Figure 24. it contains the In-Service bit for each of 
the interrupt sources. The In-Service bit for each of the 
interrupt sources. The In-Service bit is set to indicate that a 
source's service routine is in progress. When an In-Service bit 
is set, the interrupt controller will not generate interrupts to the 
CPU when it receives interrupt requests from devices with a 





Figure 22. Cascade Mode Interrupt Connection 





lower programmed priority level. The TMR bitis the In-Service 
bit for all three timers; the DO and D1 bits are the In-Service 
bits for the two DMA channels; the 10-13 are the In-Service 
bits for the external interrupt pins. The IS bit is set when the 
processor acknowledges an interrupt request either by an 
interrupt acknowledge or by reading the poll register. The IS 
bit is reset at the end of the interrupt service routine by an end- 
of-interrupt command issued by the CPU. 


Interrupt Request Register 


The internal interrupt sources have interrupt request bits inside 
the interrupt controller. The format of this register is shown in 
Figure 24. A read from this register yields the status of these 
bits. The TMR bit is the logical OR of all timer interrupt 
requests. DO and D1 are the interrupt request bits for the DMA 
channels. 


The state of the external interrupt input pins is also indicated. 
The state of the external interrupt pins is not a stored condition 
inside the interrupt controller, therefore the external interrupt 
bits cannot be written. The external interrupt request bits show 
exactly when an interrupt request is given to the interrupt 
controller, so if edge-triggered mode is selected, the bit in the 
register will be HIGH only after an inactive-to-active transition. 
For internal interrupt sources, the register bits are set when a 
request arrives and are reset when the processor acknowl- 
edges the requests. 


Mask Register 


This is a 16-bit register that contains a mask bit for each 
interrupt source. The format for this register is shown in Figure 
24. A one in a bit position corresponding to a particular source 
serves to mask the source from generating interrupts. These 
mask bits are the exact same bits which are used in the 
individual contro! registers; programming a mask bit using the 
mask register will also change this bit in the individual control 
registers, and vice versa. 
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Priority Mask Register 
OFFSET wey 
SEH This register is used to mask all interrupts below particular 
interrupt priority levels. The format of this register is shown in 
3CH Figure 25. The code in the lower three bits of this register 
inhibits interrupts of priority lower (a higher priority number) 
3AH than the code specified. For example, 100 written into this 
register masks interrupts of level five (101), six (110), and 
38H seven (111). The register is reset to seven (111) upon RESET 
so all interrupts are unmasked. 
st Interrupt Status Register 
34H This register contains general interrupt controller status infor- 
mation. The format of this register is shown in Figure 26. The 
32H bits in the status register have the following functions: 
INTERRUPT CONTROLLER STATUS REGIS- DHLT: DMA Halt Transfer; setting this bit halts all DMA 
SoH transfers. It is automatically set whenever a non- 
maskable interrupt occurs, and it is reset when an IRET 
2EH instruction is executed. The purpose of this bit is to 
allow prompt service of all non-maskable interrupts. 
2CH This bit may also be set by the CPU. 
2AH IRTx: These three bits represent the individual timer interrupt 
request bits. These bits are used to differentiate the 
28H timer interrupts, since the timer IR bit in the interrupt 
request register is the "OR" function of all timer 
26H interrupt requests. Note that setting any one of these 
three bits initiates an interrupt request to the interrupt 


Figure 23. Interrupt Controller Registers 
(Non-IRMX 86 Mode) 





15 14 10 9 8 ra 6 5 4 3 2 1 0 
ee el ee ee 


Figure 24. In-Service, Interrupt Request, and Mask Register Formats 


7 6 5 4 3 2 1 0 
po fo fo fo | oo [irre | int | sro | 


Figure 26. Interrupt Status Register Format 
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Timer, DMA 0, 1; Control Registers 


These registers are the control words for all the internal 
interrupt sources. The format for these registers is shown in 
Figure 27. The three bit positions PRO, PR1, and PR2 
represent the programmable priority level of the interrupt 
source. The MSK bit inhibits interrupt requests from the 
interrupt source. The MSK bits in the individual control 
registers are the exact same bits as are in the Mask Register; 
modifying them in the individual control registers will also 
modify them in the Mask Register, and vice versa. 


INTO-INT3 Control Registers 


These registers are the control words for the four external 
input pins. Figure 28 shows the format of the INTO and INT1 
Control registers; Figure 29 shows the format of the INT2 and 
INT3 Control registers. In cascade mode or special fully 
nested mode, the control words for INT2 and INT3 are not 
used. 


The bits in the various control registers are encoded as 
follows: 


PRO-2: Priority programming information. Highest priori- 
ty = 000, lowest priority = 111. 


Level-trigger mode bit. 1 = level-triggered; 

0 = edge-triggered. Interrupt Input levels are ac- 
tive high. In level-triggered mode, an interrupt is 
generated whenever the external line is high. 


15 14 


15 14 


7 


In edge-triggered mode, an interrupt will be 
generated only when this level is preceded by 
an inactive-to-active transition on the line. In 
both cases, the level must remain active until 
the interrupt is acknowledged. 


eo 
o 
= 
oa 
o 


Mask bit, 1 = mask; 0 = nonmask. 


Cascade mode bit, 1 = cascade; 0 = direct 


SFNM: Special fully nested mode bit, 1 =SFNM; 


0 = normal nested mode. 
EO! Register 


The end of the interrupt register is a command register which 
can only be written into. The format of this register is shown in 
Figure 30. It initiates an EOI command when written to by the 
80186 CPU. 


The bits in the EOI register are encoded as follows: 


Encoded information that specifies an interrupt 
source vector type as shown in Table 4. For ex- 
ample, to reset the In-Service bit for DMA channel 
0, these bits should be set to 01010, since the 
vector type for DMA channel 0 is 10. Note that to 
reset the single In-Service bit for any of the three 
timers, the vector type for timer 0(8) should be 
written in this register. 


Sx: 





4 


3 2 1 0 
po fo} fo | sk] re | prt | Pro | 


Figure 27. Timer/DMA Control Register Formats 


6 5 4 3 2 1 0 
pofo}. 2. fo [sri] c | ttm | wsk | pre | pri | Pro | 


Figure 28. INTO/INT1 Control Register Formats 


15 14 


5 


4 3 2 1 0 
po fof. fo Ltr | sk | Pre | Prt | Pro | 


Figure 29. INT2/INT3 Control Register Formats 


NSPEC/: A bit that determines the type of EOI command. 
SPEC 
Poll and Poll Status Registers 


These registers contain polling information. The format of 
these registers is shown in Figure 31. They can only be read. 
Reading the Poll register constitutes a software poll. This will 
set the IS bit of the highest priority pending interrupt. Reading 
the poll status register will not set the IS bit of the highest 
priority pending interrupt; only the status of pending interrupts 
will be provided. 


Nonspecific = 1, Specific = 0. 
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Encoding of the Poll and Poll Status register bits are as 
follows: 


Sx: Encoded information that indicates the vector type 
of the highest priority interrupting source. Valid only 


when INTREQ = 1. 


INTREQ: This bit determines if an interrupt request is pres- 
ent. interrupt Request = 1; no Interrupt Request = 0. 


80186 


iRMX 86 COMPATIBILITY MODE 


This mode allows iRMX 86-80186 compatibility. The interrupt 
model of iRMX 86 requires one master and multiple slave 
8259As in cascaded fashion. When iRMX mode is used, the 
internal 80186 interrupt controller will be used as a slave 
controller to an external master interrupt controller. The 
internal 80186 resources will be monitored through the inter- 
nal interrupt controller, while the external controller functions 
as the system master interrupt controller. 


Upon reset, the 80186 interrupt controller will be in the non- 
iRMX 86 mode of operation. To set the controller in the IRMX 
86 mode, bit 14 of the Relocation Register should be set. 


Because of pin limitations caused by the need to interface to 
an external 8259A master, the internal interrupt controller will 
no longer accept external inputs. There are however, enough 
80186 interrupt controller inputs (internally) to dedicate one to 
each timer. In this mode, each timer interrupt source has its 
own mask bit, IS bit, and control word. 


The iRMX 86 operating system requires peripherals to be 
assigned fixed priority levels. This is incompatible with the 
normal operation of the 80186 interrupt controller. Therefore, 
the initialization software must program the proper priority 


14 13 


levels for each source. The required priority levels for the 
internal interrupt sources in iRMX mode are shown in Table 
16. 


Table 16. Internal Source Priority Level 


Priority Level Interrupt Source 


Timer 0 
(reserved) 
DMA 0 
DMA 1 
Timer 1 
Timer 2 


These level assignments must remain fixed in the IRMX 86 
mode of operation. 


iRMX 86 Mode External Interface 


The configuration of the 80186 with respect to an externa! 
8259A master is shown in Figure 32. The INTO input is used as 
the 80186 CPU interrupt input. INT3 functions as an output to 
send the 80186 slave-interrupt-request to one of the 8 master- 
PIC-inputs. 


15 a ae ee 
SPEC/ 


Figure 30. EOI Register Format 


15 «14 13 


5 4 3 2 1 0 
INT 
Eo a are Sd 


Figure 31. Poll Register Format 


80186 INT. IN 


nt | 


CASCA’ 
ADDRESS DECODER 


80186 SLAVE INTERRUPT OUTPUT 


AF002810 


Figure 32. iRMX 86 Interrupt Controller Interconnection 











Correct master-slave interface requires decoding of the slave 
addresses (CAS0-2). Slave 8259As do this internally. Be- 
cause of pin limitations, the 80186 salve address will have to 
be decoded externally. INT1 is used as a slave-select input. 
Note that the slave vector address is transferred internally, but 
the READY input must be supplied externally. 


INT2 is used as an acknowledge output, suitable to drive the 
INTA input of an 8259A. 


Interrupt Nesting 


iRMX 86 mode operation allows nesting of interrupt requests. 
When an interrupt is acknowledged, the priority logic masks off 
all priority levels except those with equal or higher priority. 


Vector Generation in the iRMX 86 MODE 


Vector generation in iRMX mode is exactly like that of an 
8259A slave. The interrupt controller generates an 8-bit vector 
which the CPU multiplies by four and uses as an address into a 
vector table. The significant five bits of the vector are user- 
programmable while the lower three bits are generated by the 
priority logic. These bits represent the encoding of the priority 
level requesting service. The significant five bits of the vector 
are programmed by writing to the Interrupt Vector register at 
offset 20H. 


Specific End-of-Interrupt 


In iRMX mode the specific EO! command operates to reset an 
in-service bit of a specific priority. The user supplies a 3-bit 
priority-level value that points to an in-service bit to be reset. 
The command is executed by writing the correct value in the 
Specific EO! register at offset 22H. 


Interrupt Controller Registers in the iRMX 
86 Mode 


All control and command registers are located inside the 
internal peripheral control block. Figure 33 shows the offsets 
of these registers. 


End-of-Interrupt Register 


The end-of-interrupt register is a command register which can 
only be written. The format of this register is shown in Figure 
34. It initiates an EOI command when written by the 80186 
CPU. 


The bits in the EOI register are encoded as follows: 


Lx: Encoded value indicating the priority of the 
IS bit to be reset. 


in-Service Register 


This register can be read from or written into. It contains the in- 
service bit for each of the internal sources. The format for this 
register is shown in Figure 35. Bit positions 2 and 3 corre- 
spond to the DMA channels; positions 0, 4, and 5 correspond 
to the integral timers. The source's IS bit is set when the 
processor acknowledges its interrupt request. 


Interrupt Request Register 


This register indicates which interna! peripherals have interrupt 
requests pending. The format of this register is shown in 
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Figure 35. The interrupt request bits are set when a request 
arrives from an internal source, and are rest when the 
processor acknowledges the request. 


Mask Register 


This register contains a mask bit for each interrupt source. The 
format for this register is shown in Figure 35. If the bit in this 
register corresponding to a particular interrupt source is set, 
any interrupts from that source will be masked. These mask 
bits are exactly the same bits which are used in the individual 
control registers, i.e., changing the state of a mask bit in this 
register will also change the state of the mask bit in the 
individual interrupt control register corresponding to the bit. 


Control Registers 


These registers are the control words for all the internal 
interrupt sources. The format of these registers is shown in 
Figure 36. Each of the timers and both of the DMA channels 
have their own Control Register. 


The bits of the Control Registers are encoded as follows: 


pry: 3-bit encoded field indicating a priority level for the 
source; note that each source must be programmed 
at specified levels. 


msk: mask bit for the priority level indicated by pry, bits. 


OFFSET 































LEVEL 5 CONTROL REGISTER 
(TIMER 2) 


LEVEL 4 CONTROL REGISTER 
(TIMER 1) 


LEVEL 3 CONTROL REGISTER 
(DMA 1) 


LEVEL 2 CONTROL REGISTER 
(DMA 0) 


LEVEL 0 CONTROL REGISTER 
(TIMER 0) 


3AH 















38H 


36H 


34H 


32H 











INTERRUPT-REQUEST REGISTER 












IN-SERVICE REGISTER 






PRIORITY-LEVEL MASK REGISTER 












MASK REGISTER 









SPECIFIC EO! REGISTER 












INTERRUPT VECTOR REGISTER 






Figure 33. Interrupt Controller Registers 
(iIRMX86 Mode) 
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15 14 13 


8 


7 6 5 4 3 2 1 0 
peo fo fo fof of of ta] ts | to | 


Figure 34. Specific EQ] Register Format 


8 


7 6 5 4 3 2 1 0 
To [0 [rwra|rwns] ox [60 [0 [run 


Figure 35. In-Service, Interrupt Request, and Mask Register Format 


Interrupt Vector Register 


This register provides the upper five bits of the interrupt vector 
address. The format of this register is shown in Figure 37. The 
interrupt controller itself provides the lower three bits of the 
interrupt vector as determined by the priority level of the 
interrupt request. 


The format of the bits in this register is: 


ty: 5-bit field indicating the upper five bits of the vector 
address. 


Priority-Level Mask Register 


This register indicates the lowest priority-level interrupt which 
will be serviced. 


The encoding of the bits in this register is: 


15 14. 13 


8 


3-bit encoded field indication priority-level value. All 
levels of lower priority will be masked. 


my: 


Interrupt Controller and Reset 


Upon RESET, the interrupt controller will perform the following 
actions: 
@ All SFNM bits reset to 0, implying Fully Nested Mode. 
@ All PR bits in the various control registers set to 1. Tis 
places all sources at lowest priority (level 111). 
All LTM bits reset to 0, resulting in edge-sense mode. 
All Interrupt Service bits reset to 0. 
All Interrupt Request bits reset to 0. 
All MSK (Interrupt Mask) bits set to 1 (mask). 
All C (Cascade) bits reset to 0 (non-cascade). 
All PRM (Priority Mask) bits set to 1, implying no levels 
masked. 
Initialized to non-iRMX 86 mode. 


7 6 5 4 3 2 1 0 
pofofop. ee of of | oO | Ofek] pre | Prt | PRO | 


Figure 36. Control Word Format 


15 14 13 


15 


8 7 6 5 4 3 2 1 0 
Ea ee ee Ee ee ee 


Figure 37. Interrupt Vector Register Format 


14 13 8 7 6 5 4 3 2 1 0 
PE cs ee ae RE 


Figure 38. Priority Level Mask Register 
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RESET 
ADORESS ROM 





TERMINAL 


AF002825 


Figure 39. Typical 80186 Computer 
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80186 


29843 OR 


AO0-AD19 


80186-10 


29833 OR 
29863 
TRANSCEIVER 


BUS CONTROL 
COMMANDS 


ix , BUS 
ARBITER MULTIBUS 


ARBITRATI 
SYSB/RESB on 


AF002834 


Figure 40. Typical 80186 Multi-Master Bus Interface 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature -65°C to +150°C Commercial (C) Devices 
Voltage on Any Pin with 

Respect to Ground 
Power Dissipation (Steady State 70°C) 


fo] 
o 
— 
fe] 
Oo 


Stresses above those listed under ABSOLUTE MAXIMUM Industrial (I) Devices 


RATINGS may cause permanent device failure. Functionality a os ee a0 aes eee 
at or above these limits is not implied. Exposure to absolute upply Voltage (Vcc) uae 
maximum ratings for extended periods may affect device Operating ranges define those limits between which the 
reliability. functionality of the device is guaranteed. 


DC CHARACTERISTICS 


Input High Voltage 

(All except X1 and RES) oe Vogt ne Volts 

Input High Voltage (RES) Volts 
In = 2.5mA for SO-S2 


VOH Output High Voltage lon = -400pA 2.4 Volts 
loc Power Supply Current ) 500 


Paar 
Poo | 
Ports 
F ciock Input Figh Votlge <i SSS—~SY Vali 
i i a ey 
rs 





pA 
HA 





> 


75 
Input Capacitance 10 pF 
Cio 1/0 Capacitance pF 


SWITCHING CHARACTERISTICS 
PIN TIMING 
80186 Timing Requirements All Timings Measured At 1.5 Volts Unless Otherwise Noted 


TOVGL | Dain Soup (wo) ———sd| SSCS 
(AREADY) Active Setup Time 

TARYLCL AREADY Inactive Setup Time pe a 

eee ea 

! a 

ee > eet 


TCHARYX - AREADY Hold Time 
TARYCHL AREADY Inactive Hold Time 


TSRYCL Synchronous Ready 
(SREADY) Transition Setup Time 


THVCL HOLD Setup 
TINVCH INTR, NMI, TEST, TIMERIN, Setup [ 
TINVCL DRQO, DRQ1, Setup 


*To guarantee recognition at next clock. 
**For Industrial Grade Parts only. 7 


TCLSRY SREADY Transition Hold Time Po 





See Section 6 for Thermal Characteristics Information. 
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SWITCHING CHARACTERISTICS (Cont'd.) 
80186 Master Interface Timing Responses 


80186-10 (10MHz) 80186 (8MHz) 
Parameters Description Test Conditions 


TCLAV Address Valid Delay CL = 20-200 pF all outputs 
TCLAX Address Hold except TCLTMV 
TCLAZ Address Float Delay 


TCHCZ Command Lines Float Delay 
TCHCV 


40 


Command Lines Valid Delay 45 


(after float) 

ALE Width 

ALE Active Delay 

ALE Inactive Delay 

Address Hold to ALE Inactive 
Data Valid Delay 

Data Hold Time 

Data Hold after WR 

Control Active Delay1 

Control Active Delay2 


TLHLL 
TCHLH 
TCHLL 
TLLAX 
TCLDV 
TCLDOX 
TWHDX 
TCVCTV 
TCHCTV 
TCVCTX Control Inactive Delay 


TCVDEX DEN Inactive Delay 
(Non-Write Cycle) 


Address Float to RD Active 
RD Active Delay 

RD Inactive Delay 

RD Inactive to Address Active TCLCL-40 TCLCL-40 Pens ee el 


HLDA Valid Delay 5 ee ee 
RD Wath Pareuaras[—«sarououso] |_| 
WA With perouaisa] _—iferciccao] «dns 
Address Valid to ALE Low Protons | «(| roucHas || ns _| 
Status Active Delay Po | eT | ns 
Status Inactive Delay [tof so | 1 | 65 | ne | 
Timer Output Delay 00 pre | +i| = | +i «| 
TCHQSV 


Reset Delay fe fs] 
TOHOX | Status Hold Time EO 


TCLCL-30 TCLCL-35 


TCHCL-20 TCHCL- 


4o | 10 | 
TCLCL-40 


TCLCL-34 


“ [0 


TAZAL 
TCLRL 
TCLRH 
TRHAV 
TCLHAV 
TRLRH 
TWLWH 
TAVAL 
TCHSV 
TCLSH 
TCLTMV 
TCLRO 


= 

oa 

a] 

—— 

La 

“4 
i 
Eel 

“a 


25 
10 
10 


i) 


al 
i 
| 30 
es 80) 
Eee al 
| 40 
————] 
= 
i el 
a 
a 
| 40 
4 <3 
=e 
aor 


— — = 


TAVGH | Address Valid to Glock High eno i espa ee ee 
Tou | LOCK vala/invaia Deloay Poe [ee |e oe | 


80186 Chip-Select Timing Responses 
ae eee 


Description Test Consitions | Min | Max_| 


TCLOSV Chip-Select Active Delay 


Chip-Select Hold from 
TCXCSX Command Inactive 


TCHCSX Chip-Select Inactive Delay 
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SWITCHING CHARACTERISTICS (Cont'd.) 
80186 CLKIN Requirements 


80186-10 (10MHz) 80186 (8MHz) 
Parameters Description Test Conditions | min | Max | min | Max | 


TOKN [OK Period _——=—SSC~sSC~—~—CSCS =i; | mr 
TCKHL | CLKIN Fell Tne _aswiowis | | 0 | ‘| 0 | rs _| 
ToKLH | CLKIN Rise Time ———i[——~—Cit BS vote | —*{ 0 || 0 | = _| 
TOLK [CLK tow Time —SCSC~SC‘“‘*‘*‘s Wos=SSC CCCs 
TOHCK | GLKIN High Time Ps wots 0 ds 


80186 CLKOUT Timing (200 pF foad) 


TOGO | IRN to CLKOUT Skew | ———————SC~dSSC~—~id a | Cd Cr 
TOOL | OUKOUT Period SST SSSCSCSC~SCSCS 0 *Y gO a~COO 
ToLGH | CLKOUT Low Time «dt SCC ots —Ciéid TCO] ‘| erouce7e[ | ne | 
TOHGL | CLKOUT High Time | 15 vote —~ercic.eo| | Yeroicu-rs[ | ns _| 
ToLacut | CLKOUT Fall Time [Sto twts | id re | Sid ts 


All timings measured at 1.5 volts untess otherwise noted. 





SWITCHING TEST INPUT/OUTPUT WAVEFORM 


2.4 


1.5 —-—~ TEST POINTS —= 1.5 





WF001870 


AC testing inputs are driven at 2.4V for a logic ''1'' and 0.45V for a logic "0." The clock is driven at 4.3V 
and 0.25V. Timing measurements are made at 1.5V for both a logic ''1'' and "0." 
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SWITCHING WAVEFORMS 


MAJOR CYCLE TIMING 
Ty T, 7; 7 % 
nee TCL2CL1 


ane-= 


er YW acaeel Oe B 
alia deel ORR 


7 fete — 


TCHLH -> ee 
= > > epee 


tr ote oot || Y 
WRITE CYCLE NOTE 
Bey TCVCTX 
RO. INTA, 
-_ = mi oH 


AD; 5~ADy (power 





~<t— TCLOX 





FLOAT 
INTA CYCLE ed TCHCTV <— TCHCTV 
ov/A 


SOFTWARE HALT--DT/R 
ROWENTA. DEN INVALID ADDRESS 


TCHCSX —> 
TOXCSX —> 


WF006212 
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SWITCHING WAVEFORMS (Cont'd.) 
MAJOR CYCLE TIMING (Cont'd.) 


T T % Tw Ts 
TCLCL TCHICHZ 
TCHICH2 


f We at be 


$251.5 —efrevev See lee 
TCHDX 


TCLAV: ITCLAX 


BHES,, 


oe 
© 
= 
fos] 
o 


READ CYCLE 





WF006223 


Notes: 

1. Following a Write cycle, the Local Bus is floated by the 80186 only when the 
80186 enters a ''Hold Acknowledge” state. 

2. INTA occurs one clock later in RMX-mode. 

3. Status inactive just prior to T4. 
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CLKOUT 


NMI, 
TEST 
INTO-3 
TIMERIN 


CLKOUT 


SWITCHING WAVEFORMS (Cont'd.) 


3-38 


WF006231 


< 


TINVCL —>| 


WF006240 


TCHQSV 


WF006250 





SWITCHING WAVEFORMS (Cont'd.) 


98108 


TARYCHL TARYLCL—>| 


WF006261 


CLKOUT 





WF006270 


HOLD-HLDA TIMING 


=e- TCLHAV 


i TCLAV 
L = 
Poe 


j~a— TCHCZ 


BEN 


A19/S6-A16/S3, 
AD, WR, 
BHE, 


oT, 
52-50 
WF006280 





3-39 
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SWITCHING WAVEFORMS (Cont'd.) 


TCKIN 


X, (CLKIN) 


TCKHL—>| | | 


TCHICH2 


CLKOUT TCICO—> 


TCKLH 


TCLCK 


— TCHCK 


~— TCL2CL1 


WF006292 


TIMER ON 80186 


TINVCH 


TIMERIN 


TIMEROUT 


80186 INSTRUCTION TIMINGS 


The following instruction timings represent the minimum 
execution time in clock cycles for each instruction. The timings 
given are based on the following assumptions: 

@ The opcode, along with any data or displacement required 
for execution of a particular instruction, has been pre- 
fetched and resides in the queue at the time it is needed. 

@ No wait states or bus HOLDS occur. 
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2-6 CLOCKS 


WF006300 


@ All word-data is located on even-address boundaries. 


All jumps and calls include the time required to fetch the 
opcode of the next instruction at the destination address. 


All instructions which involve memory reference can require 
one (and in some cases, two) additional clocks above the 
minimum timings shown. This is due to the asynchronous 
nature of the handshake between the BIU and the Execution 
unit. 





INSTRUCTION SET SUMMARY 
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FUNCTION FORMAT 


DATA TRANSFER 
MOV = Move: 


Register to Register/Memory 1000100w mod reg 1r/m 


Register/memory to register 1000101w mod reg r/m 


mod 000 r/m 


Immediate to register/memory 1100011w 


8/16-bit 
addr-low 
addr-low 


Register/memory to segment register 100011101] modO reg r/m 


Segment register to register/memory 10001100 mod 0 reg r/m 


PUSH = Push: 
Memory 117979191 mod 110 r/m 


Immediate to register 1011w reg 


Memory to accumulator 1010000WwW 


Accumulator to memory 1010001Ww 


Register 01010 reg 


Segment register 000reg 110 





cisotoet 





Memory 10001111 mod 0 00 r/m 
Register 01011 reg 
Segment register 000reg111 (reg #01) 


O1t0000y] 








ion 


XCHG = Exchange: 
Register/memory with register 1000011w 


Register with accumulator 10010 reg 





IN = Input from: 
Fixed port 1110010w 


Variable port 1110110w 


OUT = Output to: 
Fixed port 1110011w 


U 


Variable port 1110111w 


XLAT = Translate byte to AL 11010171 


| | 


LEA = Load EA to register 10001101 mod reg r/m 


LDS = Load pointer to DS 11000101 (mod #11) 


LES = Load pointer to ES 11000100 


mod reg r/m (mod # 11} 
LAHF = Load AH with flags 10011111 
SAHF = Store AH into flags 10011110 


PUSHF = Push flags 10011100 


POPF = Pop flags 100111041 


Shaded areas indicate new 80186 instructions not available in 8086 or 8088 microprocessors. 


All mnemonics copyright of Intel Corp. 1983 
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80186 


INSTRUCTION SET SUMMARY (Cont'd.) 


FUNCTION FORMAT 


ARITHMETIC 
ADD = Add: 


Reg/memory with register to either oo00000dw 


mod reg r/m 


Immediate to register / memory 100000sw mod 0 00 1r/m data if s w=01 
Immediate to accumulator 0000010w 8/16-bit 
ADC = Add with carry: 
Reg/memory with register to either 000100dw mod reg r/m 


mod 0 1 0 r/m 


data if s w=01 


Immediate to register/memory 100000sw 


Immediate to accumulator 0001010w 8/16-bit 


INC = Increment: 


Register/memory 1111111w] mod000¢r/m 


Register 01000 reg 
SUB = Subtract: 


Reg/memory and register to either 001010dw mod reg r/m 


Immediate from register/memory 100000sw mod 101 r/m data if s w=01 


Immediate from accumulator 0010110w 8/16-bit 
SBB = Subtract with borrow: 
Reg/memory and register to either 000110dw mod reg r/m 


mod 0 11 r/m data if s w=01 


Immediate from register/memory 100000sw 


Immediate from accumulator 0001110w data if w=1 8/16-bit 
DEC = Decrement: 

Register/memory 11117111w mod 0 0 1 r/m 
Register 01001 reg 
CMP = Compare: 
Register/memory with register 0011101Ww mod reg r/m 
Register with register/memory 0011100w mod reg r/m 
mod 1 11 r/m 


data data if s w=01 


data if w=1 8/16-bit 


Immediate with register/memory 100000sw 


Immediate with accumulator 0011110w 


NEG = Change sign 1111011Ww mod 0 11 f/m 
AAA = ASCII adjust for add 00110111 
DAA = Decimal adjust for add 00100111 
AAS = ASCIl adjust for subtract 00111111 


DAS = Decimal adjust for subtract 001011141 


MUL = Mulitiply (unsigned) 1111011w 


Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 
IMUL = Integer multiply (signed): 1111011w mod 10 1 r/m 
Register-Byte 25-28 
Register-Word 34-37 
Memory-Byte 31-34 
7 _Memory-Word 40-43 
| IMUL = Integer immediate multiply [01101081] modregrim | data | datats=0 | | 22-25/29-32 
(signed) CE 


DIV = Divide (unsigned) 


Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 


mod 100 r/m 


35-37 
32-34 
41-43 





Shaded areas indicate new 80186 instructions not available in 8086 or 8088 microprocessors. 


All mnemonics copyright of Intel Corp. 1983 
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INSTRUCTION SET SUMMARY (Cont'd.) 


98108 


Clock 
FUNCTION FORMAT Cycles Comments 


ARITHMETIC (Continued): 


IDIV = Integer divide (signed): 117440110 mod 111 r/m 


Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 


AAM = ASCII adjust for multiply 11010100/00001010 
AAD = ASCII adjust for divide 00001010 


CBW = Convert byte to word 10011000 


CWD = Convert word to double word 10011001 


LOGIC 
Shift/Rotate Instructions: 


Register/Memory by 1 1101000wW mod TTT r/m 


Register/Memory by CL 110100tw mod TTT r/m 





saevoonagrmieateaeeteatancerccrencerzerts 


“Regsioviiomen by Game” [Troe oo ew : 


eSATA) 





Instruction 
ROL 
ROR 
RCL 
RCRA 

SHL/SAL 
SHR 
SAR 


: 


aww OO0OO0 


-0O0O+--CcCOo 
“~40O-0-0 


AND = And: 


Reg/memory and register to either 001000dw mod reg r/m 


mod 10.0 7m 
data o/t6.b 


Immediate to register/memory 1000000w 


Immediate to accumulator 0010010w 





TEST = And function to flags, no result: 


mod reg r/m 


Register/memory and register 1000010w 


Immediate data and register/memory 11110114wYJ mod000r/m data 
Immediate data and accumulator 1010100w data if w=1 8/16-bit 
OR = Or: 


Reg/memory and register to either 000010dw mod reg r/m 


Immediate to register/memory 1000000w mod 0 0 1 r/m 


Immediate to accumulator 0000110w data 8/16-bit 


XOR = Exclusive or: 
Reg/memory and register to either 001100dw mod reg r/m 


Immediate to register/memory 1000000w mod 1 10 r/m 


Immediate to accumulator 0011010WwW 8/16-bit 


NOT = Invert register/memory 11711011Ww mod 010 r/m 
STRING MANIPULATION: 
MOVS = Move byte/word 1010010w 
CMPS = Compare byte/word 
SCAS = Scan byte/word 


LODS = Load byte/wd to AL/AX 


STOS = Stor byte/wd from AL/A 1010101w 
[0t1044 Ow 


_ QUTS = Quiput byle/wd to DX port : 


Shaded areas indicate new 80186 instructions not available in 8086 or 8088 microprocessors. 
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80186 


STOS = Store string 11110010 


“OUTS=Output sting 


INSTRUCTION SET SUMMARY (Cont'd.) 


FUNCTION FORMAT 

STRING MANIPULATION (Continued): 

Repeated by count in CX 

MOVS = Move string 11110010/1010010w 


CMPS = Compare string 11110012/;101001i1Ww 


SCAS = Scan string 11110012 


LODS = Load string 1010110w 





11170010 /0110111W Re ie | Repeated’ 
| Not Repeated. 





CONTROL TRANSFER 
CALL = Call: 


eee 
) E 


Direct within segment 11101000 disp-high 


Register memory 111111141 
indirect within segment 


Direct intersegment 10011010 


mod 010 r/m 


segment offset 


segment selector 


Indirect intersegment 41111111 
JMP = Unconditional jump: 


mod 0 1 1 r/m (mod # 11) 


Short/long 11101011 


Direct within segment 11101001 


disp-high 


Register/memory indirect within segment | 11111111 mod 100 r/m 


Direct intersegment 11101010 


segment offset 


segment selector 


Indirect intersegment 11111111 mod 10 1 f/m (mod # 11) 


RET = Return from CALL: 
Within segment 11000011 
Within seg adding immed to SP 11000010 data-low data-high 


Intersegment 11001011 


Intersegment adding immediate to SP 11001010 data-low 


data-high 


Shaded areas indicate new 80186 instructions not available in 8086 or 8088 microprocessors. 
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FUNCTION 
CONTROL TRANSFER (Continued): 


JE/JZ = Jump on equal zero 

JL/JNGE = Jump on less not greater or equal 
JLE/JNG = Jump on less or equal not greater 
JB/JNAE = Jump on below not above or equal 
JBE/JNA = Jump on below or equal not above 
JP/JPE = Jump on parity parity even 

JO = Jump on overflow 

JS = Jump on sign 

JNE/JNZ = Jump on not equal not zero 
JNL/JGE = Jump on not less greater or equal 
JNLE/JG = Jump on not less or equal greater 
JNB/JAE = Jump on not below above or equal 
JNBE/JA = Jump on not below or equal above 
JNP/JPO = Jump on not par / par odd 
JNO = Jump on not overflow 

JNS = Jump on not sign 

LOOP = Loop CX times 

LOOPZ/LOOPE = Loop while zero equal 
LOOPNZ/LOOPNE = Loop while not zero equal 
JCXZ = Jump on CX zero 





Type specified 
Type 3 


INTO = Interrupt on overflow 


{RET = Interrupt return 


INSTRUCTION SET SUMMARY (Cont'd.) 


FORMAT 


01110100 


01111100 
01111110 
01110010 


01110110 
01111010 


01110000 


01111000 
01110101 
01111101 


01111111 


01110011 
01110111 


01110001 
01111001 


11100010 


11100001 


11100000 
11100011 


datalow. 


14001000 
11007001] _ 
11001101 


11001100 


11001110 


110011141 


ene zi : cergsnctd neetoenrnaereeernenee 





PCXREKSEN 


Shaded areas indicate new 80186 instructions not available in 8086 or 8088 microprocessors. 
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oa 
=] 
oh 
fo] 
Oo 


13 if IMP 
taken 

4 if JMP 

not taken 


JMP taken/ 
JMP not taken 





if INT. taken/ 


if INT. not 
taken 


80186 







FUNCTION fai: ee 


PROCESSOR CONTROL 


CLC = Clear carry 11111000 































CMC = Complement carry 11110101 


STC = Set carry 114111001 
CLD = Clear direction 11111100 
STD = Set direction 11111101 
CLI = Clear interrupt 11111010 
STI = Set interrupt 11111011 
HLT = Halt 11110100 


WAIT = Wait 10011011 


LOCK = Bus lock prefix 11110000 


ESC = Processor Extension Escape 





FOOTNOTES 
The effective Address (EA) of the memory operand is 
computed according to the mod and r/m fields: 


if mod = 11 then r/m is treated as a REG field 

if mod = 00 then DISP =0 , disp-low and disp-high are 
absent 

if mod = 01 then DISP = disp-low sign-extended to 16-bits, 
disp-high is absent 

if mod = 10 then DISP = disp-high: disp-low 


if r/m = 000 then EA = (BX) + (SI) + DISP 
if r/m = 001 then EA = (BX) + (Dl) + DISP 
if r/m =010 then EA = (BP) + (SI) + DISP 
if r/m=011 then EA = (BP) + (Dl) + DISP 


if r/m = 100 then EA = (Sl) + DISP 
if r/m = 101 then EA = (Di) + DISP 
if r/m = 110 then EA = (BP) + DISP* 
if r/m = 111 then EA = (BX) + DISP 


DISP follows 2nd byte of instruction (before data if required) 
“except if mod = 00 and r/m=110 then EA = disp-high: disp-low. 
SEGMENT OVERRIDE PREFIX 


0011regii10O 


reg is assigned according to the following: 


Segment 
reg Register 
00 ES 
01 cs 
10 ss 


DS 


INSTRUCTION SET SUMMARY (Cont'd. 







10011TTT mod LLL r/m 


E| 
- 
c 
c 
» 
9 
@ 
oO 
ne} 
fe) 
fe} 
a 
oO 
a 
oO 
2 
fo} 
oO 
oO 
an 
an 
ce} 
Q 
oO 
x 
Oo 
3 
2 
oO 
3 
3 





ree 
REG is assigned according to the following table: 
16-Bit (W=1) 8-Bit (w =0) 


000 AX 000 AL 
001 CX 001 CL 
010 DX 010 DL 
011 BX 011 BL 
100 SP 100 AH 
101 BP 101 CH 
110 SI 110 DH 
111 Di 111 BH 


The physical addresses of all operands addressed by the BP 
register are computed using the SS segment register. The 
physical addresses of the destination operands of the string 
primitive operations (those addressed bythe DI register) are 
computed using the ES segment, which may not be overrid- 
den. 


80188 


High Integration 8-Bit Microprocessor 
iAPX86 Family 


DISTINCTIVE CHARACTERISTICS 


Integrated feature set ®@ High-performance processor 
— Enhanced 10 MHz 8088-1 CPU - Two times the performance of the standard 8088 
- Clock generator - 2.25 Mbyte/sec bus bandwidth interface 
— Two independent, high-speed DMA channels Direct addressing capability to 1 Mbyte of memory 
~- Programmable interrupt controller Completely object code compatible with all existing 
Three programmable 16-bit timers iAPX 86, 88 software 
Programmable memory and peripheral chip-select - Ten new instruction types 
logic - Compatible with 29843/45, 29833/63, 8284, and 
Programmable wait state generator 8288 bus support components 
~ Local bus controller Optional numeric processor extension 
Eight-bit data bus interface, 16-bit internal architecture Available in 68-pin Plastic Leaded Chip Carrier (PLCC), 
Available in 10 MHz (80188-10), 8 MHz (80188) Ceramic Leadless Chip Carrier (LCC), and Pin Grid Array 
(PGA) packages. 


881.08 


GENERAL DESCRIPTION 


The 80188 is a highly-integrated microprocessor with an the standard 5 MHz 8088. The 80188 is upward compatible 
8-bit data bus interface and a 16-bit internal architecture for with 8086 and 8088 software and adds 10 new instruction 
high performance. It effectively combines 15-20 of the most types to the existing set. 

common iAPX 86 system components onto one. The 


8 MHz 80188 provides two times greater throughput than The 80188 comes tn aee-pin package and toquiras a.singic 


+5 V power supply. 





BLOCK DIAGRAM 


INTS/INTAI 


INT2ZINTAO 
CLKOUT Vcc GNO TMROUT1 TMROUTO 


PROGRAMMABLE 
TIMERS 


tC) 1 2 


MAX COUNT } 
PROGRAMMABLE REGISTERB « 


(NTERAUPT 
MAX COUNT 
CONTROLLER REGISTER A 


CONTROL REGISTERS 
CONTROL z 
eaten REGISTERS COUNT REGISTER 


PROGRAMMABLE 
OMA UNIT 
ie) 1 
20-BIT 
SOURCE POINTERS 


20-BiT 
16-BIT DESTINATION 
SEGMENT POINTERS 


— CEE aTRGL == 16-BIT 
Pp CON L 
PREFETCH REGISTERS TRANSFER COUNT 


CONTROL 
a 
ucs 


S$ PCSEIA2 
AD0- At6/S3- Les 


A07 A19/S6 
A8-Al5 


BDO03561 
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80188 


© 
©O@ 
@® 
©® 
@® 
®Q®© 
@®@ 
O® 
@ 


Pins Facing Up 


© 
© 


CONNECTION DIAGRAMS 


Leadless Chip Carrier (LCC*) 
Top Bottom 


o 
< 
i 
= io 
@ao>m = jo iow 
S25BEsee 228 SEBE BB 
r2GRz = =z z2 Ebiszislz 


Ze 


[oem 
a 
Nw 
\S AW wow wars wwe wri ve wr ary; 


SRIRORSR OD Re ke Hee 
SSS8r8ssegsos2S 28 


[| ep | Ba | | | | | ce | | 
eararar waar ewe ar we ae ae ar ar 


PIN NO. 1 MARK 


CD010511 
*LCC package placed in socket top down. 
Pin Grid Array (PGA) 


Pins Facing Down 


OOOQOOOOOOOO 
©OO®©OOOO® 
®OOO®OOOO® 

OCOOOOOOOOOO 

OOOOOOOOOO®O 
COOOLOOOO® 


CD010521 


Plastic Leaded Chip Carrier (PLCC**) 


Bottom 


16 19 20 21 22 23 24 25 26 27 26 29 30 31 32 33 34 


CD010530 


**PLCC package placed in socket top up. 
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LOGIC SYMBOL 


ao 
o 
=_h 
eo 
eo 


Aye/S3-Ayp/S6 





LS001970 


ORDERING INFORMATION 
Commodity Products 


AMD commodity products are available in several packages and operating ranges. The order number (Valid Combination) 
is formed by a combination of: a. Temperature Range 

b. Package Type 

c. Device Number 

d. Speed Option 

e. Optional Processing 


B 


Valid Combinations 


| Paar 80188 
e. OPTIONAL PROCESSING ak 80188-10 
B = Burn-in A, R, 1A, IR 80188B 


d. SPEED OPTION 

Blank = 8 Miz Valid Combinations 
eae tee Valid combinations list configurations 
c. DEVICE NUMBER/DESCRIPTION planned to be supported in volume for 
80188 this device. Consult the local AMD sales 
High Integration 8-Bit Microprocessor office to confirm availability of specific 
pApABcace vee valid combinations, to check on newly 
R = 68-Pin Ceramic Leadless Chip Carrier (CA2068) released valid combinations, and to 
N =68-Pin Plastic Leaded Chip Carrier (PL 068) obtain additional data on AMD's standard 

A=68-Pin Grid Array (CGX068) military grade products. 





a. TEMPERATURE RANGE 
Blank = Commercial (0 to + 70°C) 
1 = Industrial (-40 to + 85°C) 
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80188 


PIN DESCRIPTION 


Active State | Name | vo | & Description 


—~iene, Voc. Voc il System Power: +5 volt power supply. 
| sss Vss_ |__| System Ground. 


Active HIGH RESET Reset Output indicates that the 80188 CPU is being reset; and can be used as a system reset. It is 
active HIGH, synchronized with the processor clock, and lasts an integer number of clock periods 
corresponding to the length of the RES signal. 

X1, X2 Crystal inputs, X1 and X2, provide an external connection for a fundamental mode parallel resonant 
crystal for the internal crystal! oscillator. X1 can interface to an external clock instead of a crystal. The 
input or oscillator frequency is internally divided by two to generate the clock signal (CLKOUT). 

CLKOUT Clock Output provides the system with a 50% duty cycle waveform. All device pin timings are specified 
relative to CLKOUT. CLKOUT has sufficient MOS drive capabilities for a numeric processor extension. 


Active LOW RES System Reset causes the 80188 to immediately terminate its present activity, clear the internal logic, 
and enter a dormant state. This signal may be asynchronous to the 80188 clock. The 80188 begins 
fetching instructions approximately 7 clock cycles after RES is returned HIGH. RES is required to be 
LOW for greater than 4 clock cycles and is internally synchronized. For proper initialization, the LOW-to- 
HIGH transition of RES must occur no sooner than 50 microseconds after power up. This input is 
provided with a Schmitt-trigger to facilitate power-on RES generation via an RC network. When RES 
occurs, the 80188 will drive the status lines to an inactive level for one clock, and then tri-state them. 

Active LOW TEST TEST is examined by the WAIT instruction. If the TEST input is HIGH when ''WAIT"' execution begins, 
instruction execution will suspend. TEST will be resampled until it goes LOW, at which time execution 
will resume. If interrupts are enabled while the 80188 is waiting for TEST, interrupts will be serviced. 
This input is synchronized internally. 

Active HIGH TMR in 0, Timer inputs are used either as clock or control signals, depending upon the programmed timer mode. 

TMR IN1 These inputs are active HIGH (or LOW-to-HIGH transitions are counted) and internally synchronized. 

Active HIGH TMR OUT 0, Timer outputs are used to provide single pulse or continuous waveform generation, depending upon the 

TMR OUT 1 timer mode selected. 
Active HIGH DRQO DMA Request is driven HIGH by an external device when it desires that a DMA channel (Channel 0 or 1) 
DRQ1 perform a transfer. These signals are active HIGH, level-triggered, and internally synchronized. 


Active HIGH Non-Maskable interrupt is an edge-triggered input which causes a type 2 interrupt. NMI is not maskable 
internally. A transition from a LOW to HIGH initiates the interrupt at the next instruction boundary. NMI is 
latched internally. An NMI duration of one clock or more will guarantee service. This input is internally 
synchronized. 


Active HIGH Maskable Interrupt Requests can be requested by strobing one of these pins. When configured as 
or inputs, these pins are active HIGH. Interrupt Requests are synchronized internally. INT2 and INT3 may 
LOW be configured via software to provide active-LOW interrupt-acknowledge output signals. All interrupt 
inputs may be configured via software to be either edge- or level-triggereed. To ensure recognition, all 
interrupt requests must remain active until the interrupt is acknowledged. When iRMX mode is selected, 
the function of these pins changes (see Interrupt Controller section of this data sheet). 


Active HIGH A19/S6, Address Bus Outputs (16-19) and Bus Cycle Status (3-6) reflect the four most significant address bits 
A18/S5, during T;. These signals are active HIGH. During T2, T3, Tw, and Tq, status information is available on 


Ai7/S4, these lines as encoded below: 
A16/S3 
Low | High 
Processor Cycle DMA Cycle 


$3, S4, and S5 are defined as LOW during To-T4. 


Active HIGH AD7-ADO VO Address/Data Bus (0-7) signals constitute the time multiplexed memory or I/O address (T1) and data 
(T2, T3, Tw, and T4) bus. . 


Active HIGH A15-A8 Address-only Bus (8-15), containing valid address from T4-T4. 


Active HIGH This signal is always HIGH to indicate that the 80188 has an 8-bit data bus and is tri-state OFF during 
bus hold. 


Active HIGH ALE/QSO Address Latch Enable/Queue Status 0 is provided by the 80188 to latch the address into the 8282/ 
8283 address latches. Addresses are guaranteed to be valid on the trailing edge of ALE. The ALE rising 
edge is generated off the rising edge of the CLKOUT immediately preceding T; of the associated bus 
cycle, effectively one-half clock cycle earlier than in the standard 8088. The trailing edge is generated 
off the CLKOUT rising edge in T; as in the 8088. Note that ALE is never floated. 
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PIN DESCRIPTION (Cont.) 


Active State Description 


Active LOW WR/aQs1 7 Write Strobe/Queue Status 1 indicates that the data on the bus is to be written into a memory or an I/O 


device. WR is active for Tz, T3, and Tw of any write cycle. Floats during "HOLD." It is driven HIGH for 
one clock during Reset, and then floated. When the 80188 is in queue status mode, the ALE/QS0 and 
WR/QS1 pins provide information about processor/instruction queue interaction. 
Pasi aso Queue Operation 
Active LOW RB/GSMD 
Active HIGH ARDY . 
Active HIGH =| SRDY - 
Active LOW COCK 
TOCK is active LOW. The COCK signal is requested by the LOCK prefix instruction and is activated at 
the beginning of the first data cycle associated with the instruction following the LOCK prefix. It remains 
LOCK is asserted. When executing more than one LOCK instruction, there must be six bytes of code 
active LOW, is driven HIGH for one clock during RESET, and then floated. 


[0 | 6 ___| No queue operation 

active until the completion of the instruction following the LOCK prefix. No prefetches will occur while 

between the end of the first LOCK instruction and the start of the second LOCK instruction. LOCK is 
i 50, Si, 52 Bus cycle status S0-S2 are encoded to provide bus-transaction information: 


| 0 {| 1. | First opcode byte fetched from the queue 
a eee eee ee Subsequent byte fetched from the queue 
80188 Bus Cycle Status Information 
| sz SH SO Buss Cycle Initiated 
Active HIGH HOLD (input) 
HLDA (output) 
~ 


Po Tey tne quous 
Po | 0 | 0} imerupt Acknowledge 
mt re Wi a 


















To, T3, and Tw of any read cycle. It is guaranteed not 19.90 LOW in Toa until after the Address Bus is 
floated. RD is active LOW, and floats during HOLD." RD is driven HIGH for one clock during Reset, 
and then the output driver is floated. A weak internal pull-up mechanism on the RD fine holds it HIGH 
when the tine is not driven. During RESET the pin is sampled to determine whether the 80188 should 
provide ALE, WR, and RD, or if the Queue-Status should be provided. RD should be connected to GND 
to provide Queue-Status data. 


Asynchronous Ready informs the 80188 that the addressed memory space or I/O device will complete 
a data transfer. The ARDY input pin will accept an asynchronous input, and is active HIGH. Only the 
rising edge is internally synchronized by the 80188. This means that the falling edge of ARDY must be 
synchronized to the 80188 clock. If connected to Vcc, no WAIT states are inserted. Asynchronous 
ready (ARDY) or synchronous ready (SRDY) /ust be active to terminate a bus cycle. If line is unused, it 
may remain connected to Vcc or it may be connected to Vss (in which case the programmer must 
initialize the part to inhibit the externa! pins). 
























Synchronous Ready must be synchronized externally to the 80188. The use of SRDY provides a 
relaxed system-timing specification on the Ready input. This is accomplished by eliminating the one-half 
clock cycle which is required for internally resolving the signal level when using the ARDY input. This 
line is active HIGH. If this line is connected to Vcc no WAIT states are inserted. Asynchronous ready 
(ARDY) or synchronous ready (SRDY) must be active before a bus cycle is terminated. If line is unused, 
it may remain connected to Vcc or it may be connected to Vss {in which case the programmer must 
initialize the part to inhibit the external pins). 


LOCK output indicates that other system bus masters are not to gain control of the system bus while 





































Write I/O 
ae ee eee ee ee eee 
prot ead ata rom Memon 
ee ee) ee ee 








Write Data to Memory 
Passive (no bus cycle) 
The status pins float during "HOLD." 


$2 may be used as a logical M/IO indicator, and ST as a DT/R indicator. 
The status lines are driven HIGH for one clock during Reset, and then floated unti! a bus cycle begins. 


HOLD indicates that another bus master is requesting the local bus. The HOLD input is active HIGH. 
HOLD may be asynchronous with respect to the 80188 clock. The 80188 will issue a HLDA in response 
to a HOLD request at the end of T4 or Ty Simultaneous with the issuance of HLDA, the 80188 will float 
the local bus and control lines. After HOLD is detected as being LOW, the 80188 will lower HLDA. When 
the 80188 needs to run another bus cycle, it will again drive the local bus and control lines. 














Upper Memory Chip Select is an active LOW output whenever a memory reference is made to the 
defined upper portion (1K-=256K block) of memory. This line is not floated during bus HOLD. The 
address range activating UCS is software programmable. 


Lower Memory Chip Select is active LOW whenever a memory reference is made to the defined lower 
portion (1K-256K) of memory. This line is not floated during bus HOLD. The address range activating 
LCS is software programmable. 


Mid-Range Memory Chip Select signals are active LOW when a memory reference is made to the 
defined mid-range portion of memory (8K-512K). These lines are not floated during bus HOLD. The 
address ranges activating MCSO-3 are software programmable. 


Peripheral Chip Select signals 0-4 are active LOW when a reference is made to the defined peripheral 
area (65K byte {/O space). These lines are not floated during bus HOLD. The address ranges activating 
PCSO0-4 are software programmable. 


















Read Strobe indicates that the 80188 is performing a memory or I/O read cycle. RD is active LOW for 
[of oo | 1 _| Read vo 
tcs 
eae 








>) ins) 


Active LOW CSO 
CS1-4 
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80188 


PIN DESCRIPTION (Cont.) 


Active State | Name =| vo | Description 


Active LOW 
or 
HIGH 


— Le] 


_ i 
aa o ee | 


Active LOW 
or 
HIGH 


the data bus. 


Peripheral Chip Select 5 or Latched A1 may be programmed to provide a sixth peripheral chip select, or 
to provide an internally latched A1 signal. The address range activating PCS5 is software 
programmable. When programmed to provide latched A1, rather than PCS5, this pin will retain the 
previously latched value of A1 during a bus HOLD. 


Peripheral Chip Select 6 or Latched A2 may be programmed to provide a seventh peripheral chip select, 
or to provide an internally latched A2 signal. The address range activating Pi 
programmable. When programmed to provide latched A2, rather than PCS6, this pin will retain the 
previously latched value of A2 during a bus HOLD. 


Data Transmit/Receive controls the direction of data flow through the external 2946/47 data bus 
transceiver. When LOW, data is transferred to the 80188. When HIGH the 80188 places write data on 


6 is software 


Active LOW DEN Data Enable is provided as a 2946/47 data bus transceiver output enable. DEN is active LOW during 
each memory and I/O access. DEN is HIGH whenever DT/R changes state. 


FUNCTIONAL DESCRIPTION 


Introduction 


The following Functional Description describes the base archi- 
tecture of the 80188. The architecture is common to the 8086, 
8088, and 80286 microprocessor families as well. The 80188 is 
a very high integration 8-bit microprocessor. It combines 15-20 
of the most common microprocessor system components onto 
one chip while providing twice the performance of the standard 
8088. The 80188 is object code compatible with the 8086, 
8088 microprocessors and adds 10 new instruction types to the 
existing 8086, 8088 instruction set. 


80188 BASE ARCHITECTURE 


The 8086, 8088, 80188, 80186 and 80286 family all contain 
the same basic set of registers, instructions, and addressing 
modes. The 80188 processor is upward compatible with the 
8086, 8088, 80186 and 80286 CPUs. 


Register Set 


The 80188 base architecture has fourteen registers as shown 
in Figures 1 and 2. These registers are grouped into the 
following categories. 


General Registers 


Eight 16-bit general purpose registers used to contain arithme- 
tic and logical operands. Four of these (AX, BX, CX, and DX) 
can be used as 16-bit registers or split into pairs of separate 
8-bit registers. 


SPECIAL 
REGISTER 
FUNCTIONS 


16-BIT 
REGISTER 
NAME 


BYTE 
ADDRESSABLE 
(8-B1T 
REGISTER 
NAMES 
SHOWN) 


MULTIPLY/OIVIDE 
1/0 INSTRUCTIONS 


BASE REGISTERS 


INOEX REGISTERS 


STACK POINTER 


GENERAL 
REGISTERS 


LOOP/SHIFT/REPEAT/COUNT 


Segment Registers 


Four 16-bit special purpose registers select, at any given time, 
the segments of memory that are immediately addressable for 
code, stack, and data. (For usage, refer to Memory Organiza- 
tion.) 


Base and Index Registers 


Four of the general purpose registers may also be used to 
determine offset addresses of operands in memory. These 
registers may contain base addresses or indexes to particular 
locations within a segment. The addressing mode selects the 
specific registers for operand and address calculations. 


Status and Control Registers 


Two 16-bit special purpose registers record or alter certain 
aspects of the 80188 processor state. These are the Instruc- 
tion Pointer Register, which contains the offset address of the 
next sequential instruction to be executed, and the Status 
Word Register, which contains status and control flag bits (see 
Figures 1 and 2). 


Status Word Description 


The Status Word records specific characteristics of the result 
of logical and arithmetic instructions (bits 0, 2, 4, 6, 7, and 11) 
and controls the operation of the 80188 within a given 
operating mode (bits 8, 9, and 10). The Status Word Register 
is 16-bits wide. The function of the Status Word bits is shown 
in Table 2. 


9 
CODE SEGMENT SELECTOR 


DATA SEGMENT SELECTOR 


STACK SEGMENT SELECTOR 
EXTRA SEGMENT SELECTOR 


SEGMENT REGISTERS 


0 


Eee 


STATUS ANDO CONTROL 
REGISTERS 


STATUS WORD 
INSTRUCTION POINTER 


TB000045 


Figure 1. 80188 General Purpose Register Set 
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STATUS FLAGS: 
CARRY 

PARITY 

AUXILIARY CARRY 
ZERO 

SIGN 

OVERFLOW 


11 10 


srarus woro: KUM Ler oe De De Be Ir EF 


RESERVED 


CONTROL FLAGS: 
TRAP FLAG 
INTERRUPT ENABLE 
DIRECTION FLAG 


DF002910 


Figure 2. Status Word Format 


Table 2. Status Word Bit Function 


Bit 
Position 
eae alae 
bale 


Carry Flag — Set on high-order bit carry 
or borrow; cleared otherwise. 


Parity Flag — Set if low-order 8 bits or 
result contain an even number of 1-bits; 
cleared otherwise. 


Set on carry from or borrow to the low 

AF | order four bits of AL; cleared otherwise. 

he desde Zero Flag — Set if result is zero; cleared 
ZF 


otherwise. 


Sign Flag — Set equal to high-order bit 
of result (0 if positive, 1 if negative). 


Single Step Flag— Once set, a single 
step interrupt occurs after the next in- 
struction executes. TF is cleared by the 
single step interrupt. 


Interrupt-enable Flag— When set, 
maskable interrupts will cause the CPU 
to transfer contro! to an interrupt vector 
specified location. 


Direction Flag — Causes string instruc- 
tions to auto decrement the appropriate 
index register when set. Clearing DF 
causes auto increment. 


Overtlow Flag — Set if the signed result 
cannot be expressed within the number 
of bits in the destination operand; 
cleared otherwise. 


3-53 


Instruction Set 


The instruction set is divided into seven categories: data 
transfer, arithmetic, shift/rotate/logical, string manipulation, 
control transfer, high-level instructions, and processor control. 
These categories are summarized in Figure 3. 


An 80188 instruction can reference anywhere from zero to 
several operands. An operand can reside in a register, in the 
instruction itself, or in memory. Specific operand addressing 
modes are discussed later in this data sheet. 


Memory Organization 


Memory is organized in sets of segments. Each segment is a 
linear contiguous sequence of up to 64K (2'®) 8-bit bytes. 
Memory is addressed using a two-component address (a 
pointer) that consists of a 16-bit base segment and a 16-bit 
offset. The 16-bit base values are contained i one of four 
internal segment registers (code, data, stack, extra). The 
physical address is calculated by shifting the base value LEFT 
by four bits and adding the 16-bit offset value to yield a 20-bit 
physical address (see Figure 4). This allows for a 1 MByte 
physical address size. 


All instructions that address operands in memory must specifiy 
the base segment and the 16-bit offset value. For speed and 
compact instruction encoding, the segment register used for 
physical address generation is implied by the addressing 
mode used (see Table 3). These rules follow the way 
programs are written (see Figure 5) as independent modules 
that require areas for code and data, a stack, and access to 
external data areas. 


Special segment override instruction prefixes allow the implicit 
segment register selection rules to be overridden for special 
cases. The stack, data, and extra segments may coincide for 
simple programs. 
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[PoP | Pop word of stack 
TN [ Trait byte or word 


ASCIl adjust for subtraction 


Decimal adjust for subtraction 


MULTIPLICATION 


MUL 


Multiply byte or word unsigned 
Integer multiply byte or word 


AAM ASCII adjust for multiply 


DIVISION 


Divide byte or word unsigned 


Integer divide byte or word 





[NS Input byes oF word sting ———d 
Cree | Reet SCS 


REPE/ ; 

REPZ Repeat while equal/zero 
REPNE/ 

REPNZ Repeat while not equal/not zero 


| OR | "Inclusive or’ byte or word 

"Exclusive or'' byte or word 

Shift arithmetic right byte or word 
TROR | Rotate ight byte or wore ——=d 


FLAG OPERATIONS 
Set carry flag 


Clear interrupt enable flag 


EXTERNAL SYNCHRONIZATION 


HLT 
WAIT 


ESC Escape to extension processor 
LOCK 


LEAVE Restore stack for procedure exit 


BOUND Detects values outside prescribed range 





Figure 3. 80188 Instruction Set 


All mnemonics copyright Intel Corp. 
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JC ITERATION CONTROLS 


fos] 
oS 
= 
eo 
eo 


JL/JNGE Loop if not equal/not zero 
JLE/JNG JCXZ Jump if register CX= 0 


JO Jump if overflow IRET Interrupt return 
JP/JPE Jump if parity/parity even 


JS Jump if sign 


Figure 3. 80188 Instruction Set (continued) 
All mnemonics copyright Intel Corp. 
To access operands that do not reside in one of the four 


immediately available segments, a full 32-bit pointer can be 
used to reload both the base (segment) and offset values. 


SHIFT LEFT 4BITS fp v2ae | SEGMENT 
BASE oaic 
L ICAL 
~ 15 i?) 
7 Ces 
-/ 4 MODULE B 


19 0 
TO MEMORY 





DF002920 


Figure 4. Two Component Address 


Table 3. Segment Register Selection Rule 
PROCESS 


Memory Segment BLOCK 1 
Reference Register Implicit Segment 
Needed Used Selection Rule 


Instructions Code (CS) | Instruction prefetch and im- 


mediate data. PROCESS 
DATA 
BLOCK 2 


Stack Stack (SS) | All stack pushes and pops; 

any memory references 

which use BP Register as a 

base register. 
External Extra (ES) | All string instruction refer- gorse 
Data ences which use the DI reg- 


(Global) ister as an index. Figure 5. Segmented Memory Helps 


Local Data Data (DS) | All other data references. Structure Software 
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Addressing Modes 


The 80188 provides eight categories of addressing modes to 

specify operands. Two addressing modes are provided for 

instructions that operate on register or immediate operands: 

@ Register Operand Mode: The operand is located in one of 
the 8- or 16-bit general registers. 

@ immediate Operand Mode: The operand is included in the 
instruction. 


Six modes are provided to specify the location of an operand 

in a memory segment. A memory operand address consists of 

two 16-bit components: a segment base and an offset. The 

segment base is supplied by a 16-bit segment register either 

implicity chosen by the addressing mode or explicitly chosen 

by a segment override prefix. The offset, also called the 

effective address, is calculated by summing any combination 

of the following three address elements: 

@ the displacement (an 8- or 16-bit immediate value con- 
tained in the instruction); 

@ the base (contents of either the BX or BP base registers); 
and 

@ the index (contents of either the SI or DI index registers) 


Any carry out from the 16-bit addition is ignored. Eight-bit 
displacements are sign extended to 16-bit values. 


Combinations of these three address elements define the six 

memory addressing modes, described below. 

@ Direct Mode: The operand's offset is contained in the 
instruction as an 8- or 16-bit displacement element. 

@ Register Indirect Mode:The operand's offset is in one of the 
registers SI, Dl, BX, or BP. 

@ Based Mode: The operand's offset is the sum of an 8- or 
16-bit displacement and the contents of a base register (BX 
or BP). 

@ Indexed Mode: The operand's offset is the sum of an 8- or 
16-bit displacement and the contents of an index register 
(SI or Dl). 

@ Based Indexed Mode: The operand's offset is the sum of 
the contents of a base register and an index register. 

@ Based Indexed Mode with Displacement: The operand's 
offset is the sum of a base register's contents, an index 
register's contents, and an 8- or 16-bit displacement. 


Data Types 


The 80188 directly supports the following data types: 

@ Integer: A signed binary numeric value contained in an 8-bit 
byte or a 16-bit word. All operations assume a 2's comple- 
ment representation. Signed 32 and 64 bit integers are 
supported using a numeric data processor. 

@ Ordinal: An unsigned binary numeric value contained in an 
8-bit byte or a 16-bit word. 

®@ Pointer: A 16- or 32-bit quantity, composed of a 16-bit offset 
component or a 16-bit segment base component in addition 
to a 16-bit offset component. 

®@ String: A contiguous sequence of bytes or words. A string 
may contain from 1K to 64K bytes. 

@ ASCII: A byte representation of alphanumeric and control 
characters using the ASCII standard of character represen- 
tation. 

@ BCD: A byte (unpacked) representation of the decimal 
digits 0-9. 

@ Packed BCD: A byte (packed) representation of two deci- 

mal digits (0-9). One digit is stored in each nibble (4-bits) of 

the byte. 





Floating Point: A signed 32-, 64-, or 80-bit real number 
representation. (Floating point operands are supported 
using a numeric data processor configuration.) 


In general, individual data elements must fit within defined 
segment limits. Figure 6 graphically represents the data types 
supported by the 80188. 
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NOTE: *SUPPORTED BY 80188 WITH A NUMERIC DATA 
PROCESSOR 


Figure 6. 80188 Supported Data Types 


1/O Space 


The 1/O space consists of 64K 8-bit or 32K 16-bit ports. 
Separate instructions address the I/O space with either an 8- 
bit port address, specified in the instruction, or a 16-bit port 
address in the DX register, 8-bit port addresses are zero 
extended such that Ay5-Ag are LOW. 1/O port addresses 
OOF8(H) through OOFF(H) are reserved. 


Interrupts 


An interrupt transfers execution to a new program location. 
The old program address (CS:IP) and machine state (Status 
Word) are saved on the stack to allow resumption of the 
interrupted program. Interrupts fall into three classes: hard- 
ware initiated, INT instructions, and instruction exceptions. 
Hardware initiated interrupts occur in response to an external 
input and are classified as non-maskable or maskable. 


Programs may cause an interrupt with an INT instruction. 
Instruction exceptions occur when an unusual condition, which 
prevents further instruction processing, is detected while 
attempting to execute an instruction. If the exception was 
caused by executing an ESC instruction with the ESC trap bit 
set in the relocation register, the return instruction will point to 
the ESC instruction, or to the segment override prefix immedi- 
ately preceding the ESC instruction if the prefix was present. 
In all other cases, the return address from an exception will 
point at the instruction immediately following the instruction 
causing the exception. 


A table containing up to 256 pointers defines the proper 
interrupt service routine for each interrupt. Interrupts 0-31, 
some of which are used for instruction exceptions, are 
reserved. Table 4 shows the 80188 predefined types and 
default priority levels. For each interrupt, an 8-bit vector must 
be supplied to the 80188 which identifies the appropriate table 
entry. Exceptions supply the interrupt vector internally. In 
addition, internal peripherals and noncascaded external inter- 
rupts will generate their own vectors through the internal 
interrupt controller. INT instructions contain or imply the vector 
and allow access to all 256 interrupts. Maskable hardware 
initiated interrupts supply the 8-bit vector to the CPU during an 
interrupt acknowledge bus sequence. Non-maskable hard- 
ware interrupts use a predefined internally supplied vector. 


Interrupt Sources 


The 80188 can service interrupts generated by software or 
hardware. The software interrupts are generated by specific 
instructions (INT, ESC, unused OP, etc.) or the results of 
conditions specified by instructions (array bounds check, 
INTO, DIV, IDIV, etc.) All interrupt sources are serviced by an 
indirect call through an element of a vector table. This vector 
table is indexed by using the interrupt vector type (Table 4), 
multiplied by four. All hardware-generated interrupts are sam- 
pled at the end of each instruction. Thus, the software 
interrupts will begin service first. Once the service routine is 
entered and interupts are enabled, any hardware source of 
sufficient priority can interrupt the service routine in progress. 


The software generated 80188 interrupts are described below. 
DIVIDE ERROR EXCEPTION (TYPE 0) 


Generated when a DIV or IDIV instuction quotient cannot be 
expressed in the number of bits in the destination. 


Table 4. 80188 Interrupt Vectors 


Vector | Default Related 
Interrupt Name we a Instructions 
Divide Error DIV, IDIV 
Exception 
Single Step All 
Interrupt 
NMI 1 All 
Breakpoint *4 INT 
Interrupt 
INTO Detected “4 INTO 
Overflow 
Exception 
Array Bounds *4 
Exception 
Unused-Opcode *4 
Exception 
ESC Opcode 
Exception 
Timer O Interrupt 
Timer 1 Interrupt 
Timer 2 Interrupt 
Reserved 
DMA 0 Interrupt 
DMA 1 Interrupt 
INTO Interrupt 
INT1 Interrupt 
INT2 Interrupt 
INT3 Interrupt 


BOUND 


Undefined 
Opcodes 
SARs ESC Opcodes 
2A* Keke 

2B* kkk 

2C* rake 


These are generated as the result of an instruction 
execution. 

This is handled as in the 8088. 

All three timers constitute one source of request to 
the interrupt controller. The Timer interrupts all have 
the same default priority level with respect to all other 
interrupt sources. However, they have a defined 
priority ordering amongst themselves. (Priority 2A is 
higher priority than 2B.) Each Timer interrupt has a 
separate vector type number. 

Default priorities for the interrupt sources are used 
only if the user does not program each source into a 
unique priority level. 

An escape opcode will cause a trap only if the proper 
bit is set in the peripheral control block relocation 
register. 


SINGLE-STEP INTERRUPT (TYPE 1) 
Generated after most instructions if the TF flag is set. 
Interrupts will not be generated after prefix instructions (e.g., 


REP), instructions which modify segment registers (e.g., POP 
DS), or the WAIT instruction. 


NON-MASKABLE INTERRUPT-NMI (TYPE 2) 

An external interrupt source which cannot be masked. 
BREAKPOINT INTERRUPT (TYPE 3) 

A one-byte version of the INT instruction. It uses 12 as an 


index into the service routine address table (because it is a 
type 3 interrupt). 
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INTO DETECTED OVERFLOW EXCEPTION 
(TYPE 4) 


Generated during an INTO instruction if the OF bit is set. 
ARRAY BOUNDS EXCEPTION (TYPE 5) 


Generated during a BOUND instruction if the array index is 
outside the array bounds. The array bounds are located in 
memory at a location indicated by one of the instruction 
operands. The other operand indicates the value of the index 
to be checked. 


UNUSED OPCODE EXCEPTION (TYPE 6) 
Generated if execution is attempted on undefined opcodes. 
ESCAPE OPCODE EXCEPTION (TYPE 7) 


Generated if execution is attempted of ESC opcodes (D8H- 
DFH). This exception will only be generated if a bit in the 
relocation register is set. The return address of this exception 
will point to the ESC instruction causing the exception. If a 
segment override prefix preceded the ESC instruction, the 
return address will point to the segment override prefix. 


Hardware-generated interrupts are divided into two groups: 
maskable interupts and non-maskable interrupts. The 80188 
provides maskable hardware interrupt request pins INTO- 
INT3. In addition, maskable interrupts may be generated by 
the 80188 integrated DMA controller and the integrated timer 
unit. The vector types for these interrupts is shown in Table 4. 
Software enables these inputs by setting the interrupt flag bit 
(IF) in the Status Word. The interrupt controller is discussed in 
the peripheral section of this data sheet. 


Further maskable interrupts are disabled while servicing an 
interrupt because the IF bit is reset as part of the response to 
an interrupt or exception. The saved Status Word will reflect 
the enable status of the processor prior to the interrupt. The 
interrupt flag will remain zero unless specifically set. The 
interrupt return instruction restores the Status Word, thereby 
restoring the original status of IF bit. If the interrupt return re- 
enables interrupts, and another interrupt is pending, the 80188 
will immediately service the highest-priority interrupt pending, 
i.e., No instructions of the main line program will be executed. 


Non-Maskable Interrupt Request (NMI) 


A non-maskable interrupt (NMI) is also provided. This interrupt 
is serviced regardless of the state of the IF bit. A typical use of 
NMI would be to activate a power failure routine. The 
activation of this input causes an interrupt with an internally 
supplied vector value of 2. No external interrupt acknowledge 
sequence is performed. The IF bit is cleared at the beginning 
of an NMI interrupt to prevent maskable interrupts from being 
serviced. 


Single-Step Interrupt 


The 80188 has an internal interrupt that allows programs to 


‘execute one instruction at a time. It is called the single-step 


interrupt and is controlled by the single-step flag bit (TF) in the 
Status Word. Once this bit is set, an internal single-step 
interrupt will occur after the next instruction has been execut- 
ed. The interrupt clears the TF bit and uses an internally 
supplied vector of 1. The IRET instruction is used to set the TF 
bit and transfer control to the next instruction to be single- 
stepped. 


Initialization and Processor Reset 


Processor initialization or startup is accomplished by driving 
the RES input pin LOW. RES forces the 80188 to terminate all 
execution and local bus activity. No instruction or bus activity 
will occur as long as RES is active. After RES becomes 


inactive and ah internal processing interval elapses, the 80188 
begins execution with the instruction at physical location 
FFFFO(H). RES also sets some registers to predefined values 
as shown in Table 5. 


Table 5. 80188 Initial Register State after RESET 
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Status Word 
Instruction Pointer 


F002(H) 
0000(H) 
FFFF(H) 
0000(H) 
0000(H) 
0000(H) 
20FF(H) 
FFFB(H) 


Code Segment 
Data Segment 
Extra Segment 
Stack Segment 
Relocation Register 
UMCS 


THE 80188 COMPARED TO THE 80186 


The 80188 CPU is an 8-bit processor designed around the 
80186 internal structure. Most internal functions of the 80188 
are identical to the equivalent 80186 functions. The 80188 
handles the external bus the same way the 80186 does with 
the distinction of handling only 8 bits at a time. Sixteen bit 
operands are fetched or written in two consecutive bus cycles. 
Both processors will appear identical to the software engineer, 
with the exception of execution time. The internal register 
structure is identical and all instructions have the same end 
result. The differences between the 80188 and 80186 are 
outlined below. Internally, there are three differences between 
the 80188 and the 80186. All changes are related to the 8-bit 
bus interface. 

@ The queue length is 4 bytes in the 80188, whereas the 
80186 queue contains 6 bytes, or three words. The queue 
was shortened to prevent overuse of the bus by the BIU 
when prefetching instructions. This was required because 
of the additional time necessary to fetch instructions 8 bits 
at a time. 

To further optimize the queue, the prefetching algorithm 
was changed. The 80188 BIU will fetch a new instruction to 
load into the queue each time there is a 1-byte hole (space 
available) in the queue. The 80186 waits until a 2-byte 
space is available. 

The internal execution time of the instruction is affected by 
the 8-bit interface. All 16-bit fetches and writes from/to 
memory take an additional four clock cycles. The CPU may 
also be limited by the speed of instruction fetches when a 
series of simple operations occurs. When the more sophis- 
ticated instructions of the 80188 are being used, the queue 
has time to fill and the execution proceeds as fast as the 
execution unit will allow. 


The 80188 and 80186 are completely software compatible by 
virtue of their identical execution units. Software that is system 
dependent may not be completely transferable, but software 
that is not system dependent will operate equally well on an 
80188 or an 80186. 


The hardware interface of the 80188 contains the major 
differences between the two CPUs. The pin assignments are 
nearly identical, however, with the following functional changes. 
@ A8-A15—These pins are only address outputs on the 
80188. These address lines are latched internally and 
remain valid throughout a bus cycle in a manner similar to 
the 8085 upper address lines. 
BHE has no meaning on the 80188 and has been eliminated. 





80188 CLOCK GENERATOR 


The 80188 provides an on-chip clock generator for both 
internal and external clock generation. The clock generator 
features a crystal oscillator, a divide-by-two counter, synchro- 
nous and asynchronous ready inputs, and reset circuitry. 


Oscillator 


The oscillator circuit of the 80188 is designed to be used with 
a parallel resonant fundamental mode crystal. This is used as 
the time base for the 80188. The crystal frequency selected 
will be double the CPU clock frequency. Use of an LC or RC 
circuit is not recommended with this oscillator. If an external 
oscialltor is used, it can be connected directly to input pin X1 in 
lieu of a crystal. The output of the oscillator is not directly 
available outside the 80188. The recommended crystal config- 
uration is shown in Figure 7. 
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X = 20 for 10 MHz (80188-1) 
X= 16 for 8 MHz (80188-3) 
X= 12 for 6 MHz (80188-6) 


Figure 7. Recommended 80188 Crystal 
Configuration 


Clock Generator 


The 80188 clock generator provides the 50% duty cycle 
processor clock for the 80188. It does this by dividing the 
oscillator output by 2 forming the symmetrical clock. If an 
external oscillator.is used, the state of the clock generator will 
change on the falling edge of the oscillator signal. The 
CLKOUT pin provides the processor clock signal for use 
outside the 80188. This may be used to drive other system 
components. All timings are referenced to the output clock. 


READY Synchronization 


The 80188 provides both synchronous and asynchronous 
ready inputs. Asynchronous ready synchronization is accom- 
plished by circuitry which samples ARDY in the middle of Toa, 
T3 and again in the middle of each Tw until ARDY is sampled 
HIGH. One-half CLKOUT cycle of resolution time is used. Full 
synchronization is performed only on the rising edge of ARDY, 
i.e, the falling edge of ARDY must be synchronized to the 
CLKOUT signal if it will occur during Ta or Tw. HIGH-to-LOW 
transitions of ARDY must be performed synchronously to the 
CPU clock. 


A second ready input (SRDY) is provided to interface with 
externally synchronized ready signals. This input is sampled at 
the end of Ta and again at the end of each Ty until it is 
sampled HIGH. By using this input rather than the asynchro- 
nous ready input, the half-clock cycle resolution time penalty is 
eliminated. 


This input must satisfy set-up and hold times to guarantee 
proper operation of the circuit. 


In addition, the 80188, as part of the integrated chip-select 
logic, has the capability to program WAIT states for memory 
and peripheral blocks. This is discussed in the Chip Select/ 
Ready Logic description. 


RESET Logic 


The 80188 provides both a RES input pin and a synchronized 
RESET pin for use with other system components. The RES 
input pin on the 80188 is provided with hysteresis in order to 
facilitate power-on Reset generation via an RC network. 
RESET is guaranteed to remain active for at least five clocks 
given a RES input of at least six clocks. RESET may be 
delayed up to two and one-half clocks behind RES. 


Multiple 80188 processors may be synchronized through the 
RES input pin, since this input resets both the processor and 
divide-by-two internal counter in the clock generator. In order 
to insure that the divide-by-two counters all begin counting at 
the same time, the active going edge of RES must satisfy a 25 
ns setup time before the falling edge of the 80188 clock input. 
In addition, in order to insure that all CPUs begin executing in 
the same clock cycle, the reset must satisfy a 25 ns setup time 
before the rising edge of the CLKOUT signal of all the 
processors. 


LOCAL BUS CONTROLLER 


The 80188 provides a local bus controller to generate the local 
bus control signals. In addition, it employs a HOLD/HLDA 
protocol for relinquishing the local bus to other bus masters. It 
also provides control lines that can be used to enable external 
buffers and to direct the flow of data on and off the local! bus. 


Memory/Peripheral Control 


The 80188 provides ALE, RD, and WR bus control signals. 
The RD and WR signals are used to strobe data from memory 
to the 80188 or to strobe data from the 80188 to memory. The 
ALE line provides a strobe to address latches for the multi- 
plexed address/data bus. The 80188 local bus controller does 
not provide a memory/1/O signal. If this is required, the user 
will have to use the S2 signal (which will require external 
latching), make the memory and I/O spaces nonoverlapping, 
or use only the integrated chip-select circuitry. 


Transceiver Control 


The 80188 generates two control signals to be connected to 
2946/2947 transceiver chips. This capability allows the addi- 
tion of transceivers for extra buffering without adding external 
logic. These control lines, DT/R and DEN, are generated to 
control the flow of data through the transceivers. The opera- 
tion of these signals is shown in Table 6. 


Table 6. Transceiver Control Signals Description 


DEN (Data Enable) Enables the output drivers of the 
transceivers. It is active LOW 
during memory, !/O, or INTA 
cycles. 

Determines the direction of trav- 
el through the transceivers. A 
HIGH level directs data away 
from the processor during write 
operations, while a LOW level 
directs data toward the proces- 
sor during a read operation. 


DT/R (Data Transmit/ 


Receive) 
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Local Bus Arbitration 


The 80188 uses a HOLD/HLDA system of local bus ex- 
change. This provides an asynchronous bus exchange mecha- 
nism. This means multiple masters utilizing the same bus can 
operate at separate clock frequencies. The 80188 provides a 
single HOLD/HLDA pari through which all other bus masters 
may gain cotnrol of the local bus. This requires external 
circuitry to arbitrate whcih external device will gain control of 
the bus from the 80188 when there is more than one alternate 
local bus master. When the 80188 relinquishes control of the 


A19, S7 and DT/R to allow another master to drive these lines 
directly. 


The 80188 HOLD latency time, i.e., the time between HOLD 
request and HOLD acknowledge, is a function of the activity 
occurring in the processor when the HOLD request is re- 
ceived. A HOLD request is the highest-priority activity request 
which the processor may receive: higher than instruction 
fetching or internal DMA cycles. However, if a DMA cycle is in 
progress, the 80188 will complete the transfer before relin- 
quishing the bus. This implies that if a HOLD request is 
received just as a DMA transfer begins, the HOLD latency time 
can be as great as 4 bus cycles. This will occur if a DMA word 
transfer operation is taking place from an odd address to an 
odd address. This is a total of 16 clocks or more, if WAIT 
states are required. In addition, if locked transfers are per- 
formed, the HOLD latency time will be increased by the length 
of the locked transfer. 


Local Bus Controller and Reset 


Upon receipt of a RESET pulse from the RES input, the local 
bus controller will perform the following actions: 


@ Drive DEN, RD, and WR HIGH for one clock cycle, then 
float. 


NOTE: FE is also provided with an internal pull-up de- 
vice to prevent the processor from inadvertently enter- 
ing Queue Status mode during reset. 


Drive SO-S2 to the passive state (all HIGH) and then float. 
Drive LOCK HIGH and then float. 

Tristate ADO-AD7, A8-A19, S7, DT/R 

Drive ALE LOW (ALE is never floated). 

Drive HLDA LOW. 


INTERNAL PERIPHERAL INTERFACE 


All the 80188 integrated peripherals are controlled via 16-bit 
registers contained within an interna! 256-byte contro! block. 
This control block may be mapped into either memory or I/O 
space. Internal logic will recognize the address and respond to 
the bus cycle. During bus cycles to internal registers, the bus 
controller will signal the operation externally (i.e., the RD, WR, 
status, address, data, etc., lines will be driven as in a normal 
bus cycle), but D7.9, SRDY, and ARDY will be ignored. The 
base address of the control block must be on an even 256- 
byte boundary ({i.e., the lower 8 bits of the base address are all 
zeros). All of the defined registers within this control block may 
be read or written by the 80186 CPU at any time. The location 


15 14 13 12 11 


10 9 


of any register contained within the 256-byte control block is 
determined by the current base address of the control block. 


The control block base address is programmed via a 16-bit 
relocation register contained within the control block at offset 
FEH from the base address of the control block (see Figure 8). 
It provides the upper 12 bits of the base address of the control 
block. Note that mapping the control register block into an 
address range corresponding to a chip-select range is not 
recommended (the chip select circuitry is discussed later in 
this date sheet). In addition, bit 12 of this register determines 
whether the control block will be mapped into !/O or memory 
space. If this bit is 1, the contro! block will be located in 
memory space, whereas if the bit is 0, the control block will be 
located in I/O space. If the control register block is mapped 
into |/O space, the upper 4 bits of the base address must be 
programmed as 0 (since !/O addresses are only 16 bits wide). 


in addition to providing relocation information for the control 
block, the relocation register contains bits which place the 
interrupt controller into IRMX mode, and cause the CPU to 
interrupt upon encountering ESC instructions. At RESET, the 
relocation register is set to 20FFH. This causes the control 
block to start at FFOOH in I/O space. An offset map of the 256- 
byte control register block is shown in Figure 9. 


The integrated 80188 peripherals operate semiautonomously 
from the CPU. Access to them for the most part is via software 
read/write of the control and data locations in the control 
block. Most of these registers can be both read and written. A 
few dedicated lines, such as interrupts and DMA request 
provide real-time communication between the CPU and pe- 
ripherals as in a more conventional system utilizing discrete 
peripheral blocks. The overall interaction and function of the 
peripheral blocks has not substantially changed. 


CHIP-SELECT/READY GENERATION LOGIC 


The 80188 contains logic which provides programmable chip- 
select generation for both memories and peripherals. In 
addition, it can be programmed to provide READY (or WAIT 
state) generation. It can also provide latched address bits A1 
and A2. The chip-select lines are active for all memory and 1/O 
cycles in their programmed areas, whether they be generated 
by the CPU or by the integrated DMA unit. 


Memory Chip Selects 


The 80188 provides 6 memory chip select outputs for 3 
address areas: upper memory, lower memory, and midrange 
memory. One each is provided for upper memory and lower 
memory, while four are provided for midrange memory. 


The range for each chip select is user-programmable and can 
be set to 2K, 4K, 8K, 16K, 32K, 64K, 128K (plus 1K and 256K 
for upper and lower chip selects). In addition, the beginning or 
base address of the midrange memory chip select may also be 
selected. Only one chip select may be programmed to be 
active for any memory location at a time. All chip select sizes 
are in bytes, whereas 80188 memory is arranged in words. 
This means that if, for example, 16 64K x 1 memories are 
used, the memory block size will be 128K, not 64K. 


8 7 6 5 4 3 2 1 0 


OFFSET: FEH| ET |RMX| | M/IO Relocation Address Bits R19-R8 


ET =ESC Trap/No ESC Trap (1/0) 


M/IO = Register block located in Memory / I/O Space (1/0) 
RMX =Normal Interrupt Controller mode / IRMX compatible Interrupt Controller mode (0/1) 


Figure 8. Relocation Register 
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OFFSET 


Relocation Register 
DMA Descriptors Channel 1 
DMA Descriptors Channel 0 


Chip-Select Control Registers 
Timer 2 Control Registers 
Timer 1 Control Registers 
Timer 0 Control Registers 

Interrupt Controller Registers 


Figure 9. Internal Register Map 
7 





Upper Memory CS 


The 80188 provides a chip select, called UCS, for the top of 
memory. The top of memory is usually used as the system 
memory because after reset the 80188 begins executing at 
memory location FFFFOH. 


The upper limit of memory defined by this chip select is always 
FFFFFH, while the lower limit is programmable. By program- 
ming the lower limit, the size of the select block is also 
defined. Table 7 shows the relationship between the base 
address selected and the size of the memory block obtained. 


Table 7. UMCS Programming Values 


Starting 
Address 
(Base 
Address) 


UMCS Value 
(Assuming 
RO = R1= R2=0) 


The lower limit of this memory block is defined in the UMCS 
register (see Figure 10). This register is at offset AOH in the 
internal control block. The legal values for bits 6-13 and the 
resulting starting address and memory block sizes are given in 
Table 7. Any combination of bits 6-13 not shown in Table 7 will 
result in undefined operation. After reset, the UMCS register is 
programmed for a 1K area. It must be reprogrammed if a 
larger upper memory area is desired. 
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Any internally generally 20-bit address whose upper 16-bits 
are greater than or equal to UMCS (with bits 0-5 ''0"') will 
cause UCS to be activated. UMCS bits R2-RO are used to 
specify READY mode for the area of memory defined by this 
chip-select register, as explained below. 


Lower Memory CS 


The 80188 provides a chip select for low memory called LCS. 
The bottom of memory contains the interrupt vector table, 
starting at location O0000H. 


The lower limit of memory defined by this chip select is always 
OH, while the upper limit is programmable. By programming 
the upper limit, the size of the memory block is also defined. 
Table 8 shows the relationship between the upper address 
selected and the size of the memory block obtained. 


Table 8. LMCS Programming Values 
LMCS Value 


(Assuming 
RO =R1=R2=0) 


Upper 
Address 


003FFH 
007FFH 
OOFFFH 
O1FFFH 
O3FFFH 
O7FFFH 
OFFFFH 
1FFFFH 
3FFFFH 


The upper limit of this memory block is defined in the LMCS 
register (see Figure 11). This register is at offset A2H in the 
internal control block. The legal values for bits 6-15 and the 
resulting upper address and memory block sizes are given in 
Table 8. Any combination of bits 6-15 not shown in Table 8 will 
result in undefined operation. After reset, the LMCS register 
value is undefined. However, the LCS chip-select line will not 
become active until the LMCS register is accessed. 


Any internally generated 20-bit address whose upper 16 bits 
are less than or equal to LMCS (with bits 0-5 ''1"') will cause 
TCS to be active. LMCS register bits R2-RO are used to 
specify the READY mode for the area of memory defined by 
this chip-select register. 


Mid-Range Memory CS 


The 80188 provides four MCS lines which are active within a 
user-locatable memory block. This block can be located 
anywhere within the 80188 1M byte memory address space 
exclusive of the areas defined by UCS and LCS. Both the base 
address and size of this memory block are programmable. 


The size of the memory block defined by the midrange select 
lines, as shown in Table 9, is determined by bits 8-14 of the 
MPCS register (see Figure 12). This register is at location A8H 
in the internal control block. One and only one of bits 8-14 
must be set at a time. Unpredictable operation of the MCS 
lines will otherwise occur. Each of the four chip-select lines is 
active for one of the four equal contiguous divisions of the mid- 
range block. Thus, if the total block size is 23K, each chip 
select is active for 8K of memory with MCSO being active for 
the first range and MCS3 being active for the last range. 


The EX and MS in MPCS relate to peripheral functionally as 
described in a later section. 
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Table 9. MMCS Programming Values 


Total Block Individual MNCS Bits 
Size Select Size 14-8 


0000001B 
0000010B 
0000100B 
0001000B 
00100008 
0100000B 
1000000B 


The base address of the mid-range memory block is defined 
by bits 15-9 of the MMCS register (see Figure 13). This 
register is at offset AGH in the internal control block. These 
bits correspond to bits A19-A13 of the 20-bit memory address. 
Bits A12-A0 of the base address area always 0. The base 
address may be set at any integer multiple of the size of the 
total memory block selected. For example, if the midrange 
block size is 32K (or the size of the block for which each MCS 
line is active is 8K), the block could be located at 10000H or 
18000H, but not at 14000H, since the first few integer 
multiples of a 32K memory block are 0H, 8000H, 10000H, 
18000H, etc. After reset, the contents of both of these 
registers is undefined. However, none of the MCS lines will be 
active until both the MMCS and MPCS registers are accessed. 


Figure 10. UMCS Register 
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A11 


Figure 11. LMCS Register 
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Figure 12. MPCS Register 


Figure 13. MMCS Register 


MMCS bits R2-RO specify READY mode of operation for all 
mid-range chip selects. All devices in mid-range memory must 
use the same number of WAIT states. 


The 512K block size for the mid-range memory chip selects is 
a special case. When using 512K, the base address would 
have to be at either locations QOO00H or 80000H. If it were to 
be programmed at 00000H when the LCS line was pro- 
grammed, there would be an internal conflict between the LCS 
ready generation logic and the MCS ready generation logic. 
Likewise, if the base address were programmed at 80000H, 
there would be a conflict with the UCS ready generation logic. 
Since the LCS chip-select line does not become active until 
programmed, while the UCS line is active at reset, the memory 
base can be set only at OOOOOH. If this base address is 
selected, however, the LCS range must not be programmed. 


Peripheral Chip Selects 


The 80188 can generate chip selects for up to seven 
peripheral devices. These chip selects are active for seven 
contiguous blocks of 128 bytes above a programmable base 
address. This base address may be located in either memory 
or I/O space. 


Seven CS lines called PCS0-6 are generated by the 80188. 
The base address is user-programmable; however it can only 
be a multiple of 1K bytes, i.e., the least significant 10 bits of 
the starting address are always 0. 


PCS5 and PCS6 can also be programmed to provide latched 
address bits A1, A2. If so programmed, they cannot be used 
as peripheral selects. These outputs can be connected 
directly to the AO, A1 pins used for selecting internal registers 
of 8-bit peripheral chips. This scheme simplifies the hardware 
interface because the 8-bit registers of peripherals are simply 





treated as 16-bit registers located on even boundaries in I/O 
space or memory space where only the lower 8-bits of the 
register are significant: the upper 8-bits are ''don’t cares." 


The starting address of the peripheral chip-select block is 
defined by the PACS register (see Figure 14). This register is 
located at offset A4H in the internal control block. Bits 15-6 of 
this register correspond to bits 19-10 of the 20-bit Programma- 


ble Base Address (PBA) of the peripheral chip-select block. 
Bits 9-0 of the PBA of the peripheral chip-select block are all 
zeros. If the chip-select block is located in |/O space, bits 12- 
15 must be programmed zero, since the I/O address is only 16 
bits wide. Table 10 shows the address range of each 
peripheral chip select with respect to the PBA contained in 
PACS register. 


Figure 14. PACS Register 


The user should program bits 15-6 to correspond to the 
desired peripheral base location. PACS bits 0-2 are used to 
specify READY mode for PCSO-PCS3. 


Table 10. PCS Address Ranges 


PCS Line Active between Locations 


PBA — PBA + 127 
PBA + 128 — PBA + 255 
PBA + 256 — PBA + 383 
PBA + 384 — PBA + 511 
PBA + 512 — PBA + 639 
PBA + 640 — PBA + 767 
PBA + 768 — PBA + 895 


The mode of operation of the peripheral chip selects is defined 
by the MPCS register (which is also used to set the size of the 
mid-range memory chip-select block, see Figure 15). This 
register is located at offset A8H in the internal control block. 
Bit 7 is used to select the function of PCS5 and PCS6, while bit 
6 is used to select whether the peripheral chip selects are 
mapped into memory or I/O space. Table 11 describes the 
programming of these bits. After reset, the contents of both 
the MPCS and the PACS registers are undefined, however 
none of the PCS lines will be active until both of the MPCS and 
PACS registers are accessed. 


Table 11. MS, EX Programming Values 


Cae [—«eseripton sd 


1 = Peripherals mapped into memory space. 
0 = Peripherals mapped into I/O space. 

0=5 PCS lines. A1, A2 provided. 

1=7 PCS lines. A1, A2 are not provided. 


MPCS bits 0-2 are used to specify READY mode for PCS4- 
PCS6 as outlined below. 


READY Generation Logic 


The 80188 can generate a ''READY" signal internally for each 
of the memory or peripheral CS lines. The number of WAIT 
states to be inserted for each peripheral or memory is 
programmable to provide 0-3 wait states for all accesses to 
the area for which the chip select is active. In addition, the 
80188 may be programmed to either ignore external READY 
for each chip- select range individually or to factor external 
READY with the integrated ready generator. 
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READY control consists of 3 bits for each CS line or group of 
lines generated by the 80188. The interpretation of the ready 
bits is shown in Table 12. 


Table 12. READY Bits Programming 


paleo Number of WAIT States Generated 


0 wait states, external RDY also used. 

1 wait state inserted, external RDY also 
used. 

2 wait states inserted, external RDY also 
used. 

3 wait states inserted, external RDY also 
used. 

0 wait states, external RDY ignored. 

1 wait state inserted, external RDY 
ignored. 

2 wait states inserted, external RDY ig- 
nored. 

3 wait states inserted, external RDY ig- 
nored. 


The internal ready generator operates in parallel with external 
READY, not in series if the external READY is used (R2 = 0). 
This means, for example, if the internal generator is set to 
insert two wait states, but activity on the external READY lines 
will insert four wait states, the processor will only insert four 
wait states, not six. This is because the two wait states 
generated by the internal generator overlapped the first two 
wait states generated by the external ready signal. Note that 
the external ARDY and SRDY lines are always ignored during 
cycles accessing internal peripherals. 


R2-RO0 of each control word specifies the READY mode for the 
corresponding block, with the exception of the peripheral chip 
selects: R2-RO of PACS set the PCS0-3 READY mode, R2-RO 
of MPCS set the PCS4-6 READY mode. 


Chip Select/Ready Logic and Reset 


Upon reset, the Chip-Select/Ready Logic will perform the 

following actions: 

@ All chip-select outputs will be driven HIGH. 

@ Upon leaving RESET, the UCS line will be programmed to 
provide chip selects to a 1K block with the accompanying 
READY control bits set at 011 to allow the maximum 
number of internal wait states in conjunction with external 
Ready consideration (i.e. UMCS resets to FFFBH). 
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Figure 15. MPCS Register 


No other chip select or READY control registers have any 
predefined values after RESET. They will not become 
active until the CPU accesses their control registers. Both 
the PACS and MPCS registers must be accessed before 
the PCS lines will become active. 


DMA CHANNELS 


The 80188 DMA controller provides two independent high- 
speed DMA channels. Data transfers can occur between 
memory and I/O spaces (e.g., Memory to I/O) or within the 
same space (e.g., Memory to Memory or I/O to 1/O). Data can 
be transferred either in bytes (8 bits) or in words (16 bits) to or 
from even or odd addresses. Each DMA channel maintains 
both a 20-bit source and destination pointer which can be 
optionally incremented or decremented after each data trans- 
fer (by one or two depending on byte or word transfers). Each 
data transfer consumes 2 bus cycles (a minimum of 8 clocks), 
one cycle to fetch data and the other to store data. This 
provides a maximum data transfer rate of one Mword/sec or 2 
MBytes/sec. 


DMA Operation 


Each channel has six registers in the control block which 
define each channel's specific operation. The control registers 


20 BIT ADDER/SUBTRACTOR 


’ SRC. ADRS. POINTER CH. 0 


INTERNAL ADDRESS/DATA BUS 


consist of a 20-bit Source pointer (2 words), a 20-bit Destina- 
tion pointer (2 words), a 16-bit Transfer Counter, and a 16-bit 
Control Word. The format of the DMA Control Blocks is shown 
in Table 13. The Transfer Count Register (TC) specifies the 
number of DMA transfers to be performed. Up to 64K byte or 
word transfers can be performed with automatic termination. 
The Control Word defines the channel's operation (see Figure 
17). All registers may be modified or altered during any DMA 
activity. Anyl changes made to these registers will be reflected 
immediately in DMA operation. 


Table 13. DMA Control Block Format 


Register Address 
Register Name | ch. 0 | Ch. 1 | 


Contro! Word 

Transfer Count 

Destination Pointer (upper 4 bits) 
Destination Pointer 

Source Pointer (upper 4 bits) 
Source Pointer 


ADDER CONTROL 


LOGIC TIMER REQUEST 


REQUEST 
SELECTION 
LOGIC 


CHANNEL CONTROL WORD 1 
CHANNEL CONTROL WORD 0 
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Figure 16. DMA Unit Block Diagram 
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CHG/ } ST/ 
NOCHG] STOP 


Figure 17. DMA Control Register 


DMA Channel Control Word Register 


Each DMA Channel Control Word determines the mode of 
operation for the particular 80188 DMA channel. This register 
specifies: 


@ the mode of synchronization; 

@ whether bytes or words will be transferred; 

@ whether interrupts will be generated after the last transfer; 

@ whether DMA activity will cease after a programmed 
number of DMA cycles; 
the relative priority of the DMA channel with respect to the 
other DMA channel; 
whether the source pointer will be incremented, decrement- 
ed, or maintained constant after each transfer; 
whether the source pointer addresses memory or |/O 
space; 
whether the destination pointer will be incremented, dec- 
remented, or maintained constant after each transfer; and 
whether the destination pointer will address memory or I/O 
space. 


The DMA channel control registers may be changed while the 
channel is operating. However, any changes made during 
operation will affect the current DMA transfer. 


DMA Control Word Bit Descriptions 


B/W: 
ST/STOP: 
CHG/NOCHG: 


Byte/Word (0/1) Transfers. 
Start/stop (1/0) Channel. 


Change/Do not change (1/0) ST/ 
STOP bit. If this bit is set when writing 
to the control word, the ST/STOP bit 
will be programmed by the write to 
the control word. If this bit is cleared 
when writing the control word, the 
ST/STOP bit will not be altered. This 
bit is not stored; it will always be a 0 
on read. 


Enable Interrupts to CPU on byte 
count termination. 


lf set, DMA will terminate when the 
contents of the Transfer Count 
register reach zero. The ST/STOP bit 
will also be reset at this point if TC is 
set. If this bit is cleared, the DMA unit 
will decrement the transfer count 
register for each DMA cycle, but the 
DMA transfer will not stop when the 
contents of the TC register reach 
zero. 
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SYN: 
(2 bits) 


No synchronization 

NOTE: The ST bit will be cleared 
automatically when the contents 
of the TC register reach zero re 
gardless of the state of the bit. 


01 Source synchronization. 
10 Destination synchronization. 
11 Unused. 


SOURCE: INC Increment source pointer by 1 or 2 
(depends on B/W) after each 


transfer. 


M/iO Source pointer is in M/IO space (1/ 


0). 


Decrement source pointer by 1 or 2 
(depends on B/W) after each 
transfer. 


DEC 


DEST: INC Increment destination pointer by 1 or 


2 (B/W) after each transfer. 
Destination pointer is in M/IO space 
(1/0). 


Decrement destination pointer by 1 
or 2 (depending on B/W) after each 
transfer. 


M/IO 


DEC 


Channel priority-relative to other 
channel. 

0 low priority. 

1 high priority. 

Channels will alternate cycles if 
both set at same priority level. 


0: Disable DMA requests from timer 
2. 
1: Enable DMA requests from timer 2. 


Bit 3 Bit 3 is not used. 
If both INC and DEC are specified for the same pointer, the 


pointer will remain constant after each cycle. 


DMA Destination and Source Pointer 
Registers 


Each DMA channel maintains a 20-bit source and a 20-bit 
destination pointer. Each of these pointers takes up two full 
16-bit registers in the peripheral control block. The lower four 
bits of the upper register contain the upper four bits of the 20- 
bit physical address (see Figure 18). These pointers may be 
individually incremented or decremented after each transfer. If 
word transfers are performed the pointer is incremented or 
decremented by two. Each pointer may point into either 
memory or |/O space. Since the DMA channels can perform 
transfers to or from odd addresses, there is no restriction on 
values for the pointer registers. Higher transfer rates can be 
obtained if all word transfers are performed to even ad- 
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dresses, since this will allow data to be accessed in a single 
memory access. 


DMA Transfer Count Register 


Each DMA channel maintains a 16-bit transfer count register 
(TC). This register is decremented after every DMA cycle, 
regardless of the state of the TC bit in the DMA Control 
Register. If the TC bit in the DMA control word is set, however, 
DMA activity will terminate when the transfer count register 
reaches zero. 


DMA Requests 


Data transfers may be either source or destination synchro- 
nized, that is either the source of the data or the destination of 
the data may request the data transfer. In addition, DMA 
transfers may be unsynchronized; that is, the transfer will take 
place continually until the correct number of transfers has 
occurred. When source or unsynchronized transfers are per- 
formed, the DMA channel may begin another transfer immedi- 
ately after the end of a previous DMA transfer. This allows 
complete transfer to take place every 2 bus cycles or eight 
clock cycles (assuming no wait states). No prefetching occurs 


HIGHER 
REGISTER 
ADDRESS 


LOWER 
REGISTER 
ADDRESS 


15 
XXX = DON'T CARE 


when destination synchronization is performed, however. Data 
will not be fetched from the source address until the destina- 
tion device signatls that it is ready to receive it. When 
destination synchronized transfers are requested, the DMA 
controller will relinquish control of the bus after every transfer. 
If no other bus activity is initiated, another DMA cycle will 
begin after two processor clocks. This is done to allow the 
destination device time to remove its request if another 
transfer is not desired. Since the DMA controller will relinquish 
the bus, the CPU can initiate a bus cycle. As a result, a 
complete bus cycle will often be inserted between destination 
synchronized transfers. These lead to the maximum DMA 
transfer rates shown in Table 14. 


Table 14. Maximum DMA Transfer Rates 
with 8 MHz 80188 


Type of 
CPU Halted 


Synchronization 
Selected 
1 Mbytes/sec 1 Mbytes/sec 
1 Mbytes/sec 1 Mbytes/sec 


Unsynchronized 
Source Synch 
.65 Mbytes/sec | .75 Mbytes/sec 


Destination Synch 


0 


Figure 18. DMA Memory Pointer Register Format 


‘DMA Acknowledge 


No explicit DMA acknowledge pulse is provided. Since both 
source and destination pointers are maintained, a read from a 
requesting source, or a write to a requesting destination, 
should be used as the DMA acknowledge signal. Since the 
chip-select lines can be programmed to be active for a given 
block of memory or I/O space, and the DMA pointers can be 
programmed to point to the same given block, a chip-select 
line could be used to indicate a DMA acknowledge. 


DMA Priority 


The DMA channels may be programmed such that one 
channel is always given priority over the other, or they may be 
programmed such as to alternate cycles when both have DMA 
requests pending. DMA cycles always have priority over 
internal CPU cycles except between locked memory accesses 
or word accesses the odd memory locations; however, an 
external bus hold takes priority over an internal DMA cycle. 
Because an interrupt request cannot suspend a DMA opera- 
tion and the CPU cannot access memory during a DMA cycle, 
interrupt latency time will suffer during sequences of continu- 
ous DMA cycles. An NMI request, however, will cause all 
internal DMA activity to halt. This allows the CPU to quickly 
respond to the NMI request. 


DMA Programming 


DMA cycles will occur whenever the ST/STOP bit of the Control 
Register is set. If synchronized transfers are programmed, a 
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DRQ must also have been generated. Therefore, the source 
and destination transfer pointers, and the transfer count register 
(if used) must be programmed before this bit is set. 


Each DMA register may be modified while the channel is 
operating. If the CHG/NOCHG bit is cleared when the control 
register is written, the ST/STOP bit of the control register will 
not be modified by the write. If multiple channel registers are 
modified, it is recommended that a LOCKED string transfer be 
used to prevent a DMA transfer from occurring between 
updates to the channel registers. 


DMA Channels and Reset 


Upon RESET, the DMA channels will perform the following 
actions: 

@ The Start/Stop bit for each channel will be rest to STOP. 
@ Any transfer in progress is aborted. 


TIMERS 


The 80188 provides three internal 16-bit programmable timers 
(see Figure 19). Two of these are highly flexible and are 
connected to four external pins (2 per timer). They can be 
used to count external events, time external events, generate 
nonrepetitive waveforms, etc. The third timer is not connected 
to any external pins, and is useful for real-time coding and time 
delay applications. In addition, this third timer can be used as a 
prescaler to the other two, or as a DMA request source. 





WORD 
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WORD 


TIMER 2 
MAX COUNT VALUE 
MODE/CONTROL 
WORD 


INTERNAL ADDRESS/DATA BUS 


ALL 16 BIT REGISTERS 
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Figure 19. Timer Block Diagram 


Timer Operation 


The timers are controlled by 11 16-bit registers in the internal 
peripheral control block. The configuration of these registers is 
shown in Table 15. The count register contains the current 
value of the timer. It can be read or written at any time 
independent of whether the timer is running or not. The value 
of this register will be incremented for each timer event. Each 
of the timers is equipped with a MAX COUNT register, which 
defines the maximum count the timer will reach. After reaching 
the MAX COUNT register value, the timer count value will 
reset to zero during that same clock, i.e., the maximum count 
value is never stored in the count register itself. Timers 0 and 1 
are, in addition, equipped with a second MAX COUNT register, 
which enables the timers to alternate their count between two 
different MAX COUNT values programmed by the user. If a 
single MAX COUNT register is used, the timer output pin will 
switch LOW for a single clock, 2 clocks after the maximum 
count value has been reached. In the dual MAX COUNT 
register mode, the output pin will indicate which MAX COUNT 
register is currently in use, thus allowing nearly complete 
freedom in selecting waveform duty cycles. For the timers with 
two MAX COUNT registers, the RIU bit in the control register 
determines which is used for the comparison. 


Each timer gets serviced every fourth CPU-clock cycle, and 
thus can operate at speeds up to one-quarter the internal 
clock frequency (one-eighth the crystal rate). External clocking 
of the timers may be done at up to a rate of one-quarter of the 
internal CPU-clock rate (2 MHz for an 8 MHz CPU clock). Due 
to internal synchronization and pipelining of the timer circuitry, 
a timer output may take up to 6 clocks to respond to any 
individual clock or gate input. 


15 


Since the count registers and the maximum count registers 
are all 16-bits wide, 16 bits of resolution are provided. Any 
Read or Write access to the timers will add one wait state to 
the minimum four-clock bus cycle. However, this is needed to 
synchronize and coordinate the internal data flows between 
the internal timers and the internal bus. 


The timers have several programmable options. 

© All three timers can be set to halt or continue on a terminal 
count. 

© Timers 0 and 1 can select between internal and external 
clocks, alternate between MAX COUNT registers and be 
set to retrigger on external events. 
The timers may be programmed to cause an interrupt on 
terminal count. 


These options are selectable via the timer mode/control word. 


Timer Mode/Control Register 


The mode/control register (see Figure 20) allows the user to 
program the specific mode of operation or check the current 
programmed status for any of the three integrated timers. 


Table 15. Timer Control Block format 


Register Offset 


r. 2 
Mode/Control Word 56H 66H 
54H not present 
52H 
50H 


Max Count B 
Max Count A 
Count Register 


14 13 12 11 5 4 3 2 1 0 
Pen [we [wr [aw] 0 [.] wo [are |p [ext [Aa [oonr 


Figure 20. Timer Mode/Control Register 
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ALT: 


The ALT bit determines which of two MAX COUNT registers is 
used for count comparison. If ALT = 0, register A for that timer 
is always used, while if ALT = 1, the comparison will alternate 
between register A and register B when each maximum count 
is reached. This alternation allows the user to change one 
MAX COUNT register while the other is being used, and thus 
provides a method of generating nonrepetitive waveforms. 
Square waves and pulse outputs of any duty cycle are a 
subset of available signals obtained by not changing the final 
count registers. The ALT bit also determines the function of 
the timer output pin. If ALT is zero, the output pin will go LOW 
for one clock, the clock after the maximum count is reached, If 
ALT is one, the output pin will reflect the current MAX COUNT 
register being used (0/1 for B/A). 


CONT: 


Setting the CONT bit causes the associated timer to run 
continuously, while resetting it causes the timer to halt upon 
maximum count. If CONT = 0 and ALT = 1, the timer will count 
to the MAX COUNT register A value, reset, count to the 
register B value, reset, and halt. 


EXT: 


The external bit selects between internal and external clocking 
for the timer. The external signal may be asynchronous with 
respect to the 80188 clock. If this bit is set, the timer will count 
LOW-to-HIGH transitions on the input pin. If cleared, it will 
count an internal clock while using the input pin for control. In 
this mode, the function of the external pin is defined by the 
RTG bit. The maximum input to output transition latency time 
may be as much as 6 clocks. However, clock inputs may be 
pipelined as closely together as every 4 clocks without losing 
clock pulses. 


P: 


The prescaler bit is ignored unless internal clocking has been 
selected (EXT = 0). If the P bit is a zero, the timer will count at 
one-fourth the internal CPU clock rate. If the P bit is a one, the 
output of timer 2 will be used as a clock for the timer. Note that 


the user must initialize and start timer 2 to obtain the prescaled 


clock. 
RTG: 


Retrigger bit is only active for internal clocking (EXT = 0). In 
this case it determines the control function provided by the 
input pin. 


if RTG = 0, the input level gates the internal clock on and off. 
If the input pin is HIGH, the timer will count; if the input pin is 
LOW, the timer will hold its value. As indicated previously, the 
input signal may be asynchronous with respect to the 80188 
clock. 


When RTG = 1, the input pin detects LOW-to-HIGH transi- 
tions. The first such transition starts the timer running, clearing 
the timer value to zero on the first clock, and then increment- 
ing thereafter. Further transitions on the input pin will again 
reset the timer to zero, from which it will start counting up 
again. If CONT = 0, when the timer has reached maximum 
count, the EN bit will be cleared, inhibiting further timer activity. 


EN: 

The enable bit provides programmer control over the timer's 
RUN/HALT status. When set, the timer is enabled to incre- 
ment subject to the input pin constraints in the internal clock 
mode (discussed previously). When cleared, the timer will be 
inhibited from counting. All input pin transitions during the time 
EN is zero will be ignored. If CONT is zero, the EN bit is 
automatically cleared upon maximum count. 
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INH: 


The inhibit bit allows for selective updating of the enable (EN) 
bit. If INH is a one during the write to the mode/control word, 
then the state of the EN bit will be modified by the write. If INH 
is a zero during the write, the EN bit will be unaffected by the 
operation. This bit is not stored; it will always be a 0 on a read. 


INT: 


When set, the INT bit enables interrupts from the timer, which 
will be generated on every terminal count. If the timer is 
configured in dual MAX COUNT register mode, an interrupt will 
be generated each time the value in MAX COUNT register A is 
reached, and each time the value in MAX COUNT register B is 
reached. If this enable bit is cleared after the interrupt request 
has been generated, but before a pending interrupt is ser- 
viced, the interrupt request will still be in force. (The request is 
latched in the Interrupt Controller.) 


MC: 


The Maximum Count bit is set whenever the timer reaches its 
final maximum count value. If the timer is configured in dual 
MAX COUNT register mode, this bit will be set each time the 
value in MAX COUNT register A is reached, and each time the 
value in MAX COUNT register B is reached. This bit is set 
regardless of the timer's interrupt-enable bit. The MC bit gives 
the user the ability to monitor timer status through software 
instead of through interrupts. 


RIU: 


The Register In Use bit indicates which MAX COUNT register 
is currently being used for comparison to the timer count 
value. A zero value indicates register A. The RIU bit cannot be 
written, i.e., its value is not affected when the control register 
is written. It is always cleared when the ALT bit is zero. 


Not all mode bits are provided for timer 2. Certain bits 
are hardwired as indicated below: 


ALT =0, EXT=0, P=0, RTG=0, RIU=0 


Count Registers 


Each of the three timers has a 16-bit count register. The 
current contents of this register may be read or written by the 
processor at any time. If the register is written into while the 
timer is counting, the new value will take effect in the current 
count cycle. 


Max Count Registers 


Timers 0 and 1 have two MAX COUNT registers, while timer 2 
has a single MAX COUNT register. These contain the number 
of events the timer will count. In timers 0 and 1, the MAX 
COUNT register used can alternate between the two max 
count values whenever the current maximum count is 
reached. The condition which causes a timer to reset is 
equivalent between the current count value and the max count 
being used. This means that if the count is changed to be 
above the max count value, or if the max count value is 
changed to be below the current value, the timer will not reset 
to zero, but rather will count to its maximum value, ''wrap 
around” to zero, then count until the max count is reached. 


Timers and Reset 


Upon RESET, the Timers will perform the following actions: 

e@ All EN (Enable) bits are reset preventing timer counting. 

e@ Ajl SEL (Select) bits are reset to zero. This selects MAX 
COUNT register A, resulting in the Timer Out pins going 
HIGH upon RESET. 





INTERRUPT CONTROLLER 


The 80188 can receive interrupts from a number of sources, 
both internal and external. The internal interrupt controller 
serves to merge these requests on a priority basis, for 
individual service by the CPU. Interna! interrupt sources 
(Timers and DMA channels) can be disabled by their own 
control registers or by mask bits within the interrupt controller. 
The 80188 interrupt controller has its own control registers 
that set the mode of operation for the controller. 


The interrupt controller will resolve priority among requests 
that are pending simultaneously. Nesting is provided so 
interrupt service routines for lower priority interrupts may 
themselves be interrupted by higher priority interrupts. A block 
diagram of the interrupt controller is shown in Figure 21. 


The interrupt controller has a special iRMX 86 compatibility 
mode that allows the use of the 80188 within the iRMX 86 
operating system interrupt structure. The controller is set in 
this mode by setting bit 14 in the peripheral control block 
relocation register (see iRMX 86 Compatibility Mode section). 
In this mode, the internal 80188 interrupt controller functions 
as a ''slave' controller to an external 'master'' controller. 
Special initialization software must be included to properly set 
up the 80188 interrupt controller in iRMX 86 mode. 


MASTER (NON-iRMX) MODE OPERATION 


Interrupt Controller External Interface 


For external interrupt sources, five dedicated pins are provid- 
ed. One of these pins is dedicated to NMI, non-maskable 
interrupt. This is typically used for power-fail interrupts, etc. 
The other four pins may function either as four interrupt input 
lines with internally generated interrupt vectors, as an interrupt 
line and an interrupt acknowledge line (called the ''cascade 
mode") along with two other input lines with internally generat- 
ed interrupt vectors, or as two interrupt input lines and two 
dedicated interrupt acknowledge ouput lines. When the inter- 
rupt lines are configured in cascade mode, the 80188 interrupt 
controller will not generate internal interrupt vectors. 


External sources in the cascade mode use externally generat- 
ed interrupt vectors. When an interrupt is acknowledged, two 
INTA cycles are initiated and the vector is read into the 80188 
on the second cycle. The capability to interface to external 
8259A programmable interrupt controllers is thus provided 
when the inputs are configured in cascade mode. 


Interrupt Controller Modes of Operation 


The basic modes of operation of the interrupt controller in non- 
iRMX mode are similar to the 8259A. The interrupt controller 
responds identically to internal interrupts in all three modes: 
the difference is only in the interpretation of function of the 
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four external interrupt pins. The interrupt controller is set into 
one of these three modes by programming the correct bits in 
the INTO and INT1 control registers. The modes of interrupt 
controller operation are as follows: 


Fully Nested Mode 


When in the fully nested mode four pins are used as direct 
interrupt requests. The vectors for these four inputs are 
generated internally. An in-service bit is provided for every 
interrupt source. If a lower-priority device requests an interrupt 
while the in-service bit (IS) is set, no interrupt will be generated 
by the interrupt controller. In addition, if another interrupt 
request occurs from the same interrupt source while the 
inservice bit is set, no interrupt will be generated by the 
interrupt controller. This allows interrupt service routines to 
operate with interrupts enabled without being themselves 
interrupted by lower-priority interrupts. Since interrupts are 
enabled, higher-priority interrupts will be serviced. 


When a service routine is completed, the proper IS bit must be 
reset by writing the proper pattern to the EOI register. This is 
required to allow subsequent interrupts from this interrupt 
source and to allow servicing of lower-priority interrupts. An 
EO! command is issued at the end of the service routine just 
before the issuance of the return from interrupt instruction. If 
the fully nested structure has been upheld, the next highest- 
priority source with its IS bit set is then serviced. 


Cascade Mode 


The 80188 has four interrupt pins and two of them have dual 
functions. In the fully nested mode the four pins are used as 
direct interrupt inputs and the corresponding vectors are 
generated internally. In the cascade mode, the four pins are 
configured into interrupt input-dedicated acknowledge signal 
pairs. The interconnection is shown in Figure 22. INTO is an 
interrupt input interfaced to an 8259A, while INT2/INTAO 
serves as the dedicated interrupt acknowledge signal to that 
peripheral. The same is true for INT1 and INT3/INTA1. Each 
pair can selectively be placed in the cascade or non-cascade 
mode by programming the proper value into INTO and INT1 
control registers. The use of the dedicated acknowledge 
signals eliminates the need for the use of external logic to 
generate INTA and device select signals. 


The primary cascade mode allows the capability to serve up to 
128 external interrupt sources through the use of external 
master and slave 8259As. Three levels of priority are created, 
requiring priority resolution in the 80188 interrupt controller, 
the master 8259As, and the slave 8259As. If an external 
interrupt is serviced, one IS bit is set at each of these levels. 
When the interrupt service routine is completed, up to three 
end-of-interrupt commands must be issued by the program- 
mer. 
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Figure 21. Interrupt Controller Block Diagram 


Special Fully Nested Mode 


This mode is entered by setting the SFNM bit in INTO or INT1 
contro! register. It enables complete nestability with external 
8259A masters. Normally, an interrupt request from an inter- 
rupt source will not be recognized unless the in-service bit for 
that source is reset. If more than one interrupt source is 
connected to an external interrupt controller, all of the 
interrupts will be funneled through the same 80188 interrupt 
request pin. As a result, if the external interrupt controller 
receives a higher-priority interrupt, its interrupt will not be 
recognized by the 80188 controller until the 80188 in-service 
bit is reset. In special fully nested mode, the 80188 interrupt 
controller will allow interrupts from an external pin regardless 
of the state of the in-service bit for an interrupt source in order 
to allow multiple interrupts from a single pin. An in-service bit 
will continue to be set, however, to inhibit interrupts from other 
lower-priority 80188 interrupt sources. 


Special procedures should be followed when resetting IS bits 
at the end of interrupt service routines. Software polling of the 
external master's IS register is required to determine if there is 
more than one bit set. If so, the IS bit in the 80188 remains 
active and the next interrupt service routine is entered. 


Operation in a Polled Environment 


The controller may be used in a polled mode if interrupts are 
undesirable. When polling, the processor disables interrupts 
and then polls the interrupt controller whenever it is conve- 
nient. Polling the interrupt controller is accomplished by 
reading the Poll Word (Figure 9). bit 15 in the poll word 
indicates to the processor that an interrupt of high enough 
priority is requesting service. Reading the Poll Word causes 
the In-Service bit of the highest-priority source to be set. 


It is desirable to be able to read the Poll Word information 
without guaranteeing service of any pending interrupt, i.e., not 
set the indicated in-service bit. The 80188 provides a Poll 
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Status Word in addition to the conventional Poll Word to allow 
this to be done. Poll Word information is duplicated in the Poll 
Status Word, but reading the Poll Status Word does not set 
the associated in-service bit. These words are located in two 
adjacent memory locations in the register file. 


Master (NON-iIRMX) Mode Features 
Programmable Priority 


The user can program the interrupt sources into any of eight 
different priority levels. The programming is done by placing a 
3-bit priority level (0-7) in the control register of each interrupt 
source. (A source with a priority level of 4 has higher priority 
over all priority levels from 5 to 7. Priority registers containing 
values lower than 4 have greater priority.) All interrupt sources 
have preprogrammed default priority levels (see Table 4). 


If two requests with the same programmed priority level are 
pending at once, the priority ordering scheme shown in Table 
4 is used. If the serviced interrupt routine reenables interrupts, 
it allows other requests to be serviced. 


End-of-Interrupt Command 


The end-of-interrupt (EOI) command is used by the program- 
mer to reset the In-Service (IS) bit when an interrupt service 
routine is completed. The EOI command is issued by writing 
the proper pattern to the EOI register. There are two types of 
EOI commands, specific and nonspecific. The nonspecific 
command does not specify which IS bit is reset. When issued, 
the interrupt controller automatically resets the IS bit of the 
highest priority source with an active service routine. A specific 
EOI command requires that the programmer send the interrupt 
vector type to the interrupt controller indicating which source's 
IS bit is to be reset. This command is used when the fully 
nested structure has been disturbed or the highest priority IS 
bit that was set does not belong to the service routine in 
progress. 





Trigger Mode 


The four external interrupt pins can be programmed in either 
edge- or level-trigger mode. The control register for each 
external source has a level-trigger mode (LTM) bit. All interrupt 
inputs are active HIGH. In the edge sense mode or the level- 
trigger mode the interrupt request must remain active (HIGH) 
until the interrupt request is acknowledged by the 80188 CPU. 
In the edge-sense mode, if the level remains high after the 
interrupt is acknowledged, the input is disabled and no further 
requests will be generated. The input level must go LOW for at 
least one clock cycle to reenable the input. In the level-trigger 
mode, no such provision is made: holding the interrupt input 
HIGH will cause continuous interrupt requests. 


Interrupt Vectoring 


The 80188 Interrupt Controller will generate interrupt vectors 
for the integrated DMA channels and the integrated Timers. In 
addition, the Interrupt Controller will generate interrupt vectors 
for the external interrupt lines if they are not configured in 
Cascade or Special Fully Nested Mode. The interrupt vectors 
generated are fixed and cannot be changed (see Table 4). 


Interrupt Controller Registers 


The Interrupt Controller register model is shown in Figure 23. It 
contains 15 registers. All registers can both be read or written 
unless specified otherwise. 


In-Service Register 


_This register can be read from or written into. The format is 
shown in Figure 24. It contains the In-Service bit for each of 
the interrupt sources. The In-Service bit for each of the 
interrupt sources. The In-Service bit is set to indicate that a 
source's service routine is in progress. When an In-Service bit 
is set, the interrupt controller will not generate interrupts to the 
CPU when it receives interrupt requests from devices with a 


lower programmed priority tevel. The TMR bit is the In-Service 
bit for all three timers; the DO and D1 bits are the In-Service 
bits for the two DMA channels; the 10-13 are the In-Service 
bits for the external interrupt pins. The IS bit is set when the 
processor acknowledges an interrupt request either by an 
interrupt acknowledge or by reading the poll register. The IS 
bit is reset at the end of the interrupt service routine by an end- 
of-interrupt command issued by the CPU. 


Interrupt Request Register 


The internal interrupt sources have interrupt request bits inside 
the interrupt controller. The format of this register is shown in 
Figure 24. A read from this register yields the status of these 
bits. The TMR bit is the logical OR of all timer interrupt 
requests. DO and D1 are the interrupt request bits for the DMA 
channels. 


The state of the external interrupt input pins is also indicated. 
The state of the external interrupt pins is not a stored condition 
inside the interrupt controller, therefore the external interrupt 
bits cannot be written. The external interrupt request bits show 
exactly when an interrupt request is given to the interrupt 
controller, so if edge-triggered mode is selected, the bit in the 
register will be HIGH only after an inactive-to-active transition. 
For internal interrupt sources, the register bits are set when a 
request arrives and are reset when the processor acknowl- 
edges the requests. 


Mask Register 


This is a 16-bit register that contains a mask bit for each 
interrupt source. The format for this register is shown in Figure 
24. A one in a bit position corresponding to a particular source 
serves to mask the source from generating interrupts. These 
mask bits are the exact same bits which are used in the 
individual control registers; programming a mask bit using the 
mask register will also change this bit in the individual control 
registers, and vice versa. 
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Figure 22. Cascade Mode Interrupt Connection 
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Priority Mask Register 
OFFSET : ; : ; ; 
EH This register is used to mask all interrupts below particular 
interrupt priority levels. The format of this register is shown in 
3CH Figure 25. The code in the lower three bits of this register 
inhibits interrupts of priority lower (a higher priority number) 
3AH than the code specified. For example, 100 written into this 
register masks interrupts of level five (101), six (110), and 
38H seven (111). The register is reset to seven (111) upon RESET 
so all interrupts are unmasked. 
34H This register contains general interrupt controller status infor- 
mation. The format of this register is shown in Figure 26. The 
32H bits in the status register have the following functions: 
INTERRUPT CONTROLLER STATUS REGIS- DHLT: DMA Halt Transfer; setting this bit halts all DMA 
20H transfers. It is automatically set whenever a non- 
maskable interrupt occurs, and it is reset when an IRET 
2EH instruction is executed. The purpose of this bit is to 
allow prompt service of all non-maskable interrupts. 
2CH This bit may also be set by the CPU. 
2AH IRTx: These three bits represent the individual timer interrupt. 
request bits. These bits are used to differentiate the 
28H timer interrupts, since the timer IR bit in the interrupt 
request register is the ''OR'' function of all timer 
26H interrupt requests. Note that setting any one of these 
three bits initiates an interrupt request to the interrupt 


Figure 23. Interrupt Controller Registers 
(Non-iRMX 86 Mode) 
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Figure 24. In-Service, Interrupt Request, and Mask Register Formats 
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Figure 25. Priority Mask Register Format 
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Figure 26. Interrupt Status Register Format 
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Timer, DMA 0, 1; Control Registers 





These registers are the control words for all the internal 
interrupt sources. The format for these registers is shown in 
Figure 27. The three bit positions PRO, PR1, and PR2 
represent the programmable priority level of the interrupt 
source. The MSK bit inhibits interrupt requests from the 
interrupt source. The MSK bits in the individual control 
registers are the exact same bits as are in the Mask Register; 
modifying them in the individual control registers will also 
modify them in the Mask Register, and vice versa. 


INTO-INT3 Control Registers 


These registers are the control words for the four external 
input pins. Figure 28 shows the format of the INTO and INT1 
Control registers; Figure 29 shows the format of the INT2 and 
INT3 Control registers. In cascade mode or special fully 
nested mode, the control words for INT2 and INT3 are not 
used. 


The bits in the various control registers are encoded as 
follows: 





PRO-2: 


Priority programming information. Highest priori- 
ty = 000, lowest priority = 111. 


LTM: Level-trigger mode bit. 1 = level-triggered; 
0 = edge-triggered. Interrupt Input levels are ac- 
tive high. In tevel-triggered mode, an interrupt is 

generated whenever the external line is high. 


15 14 













in edge-triggered mode, an interrupt will be 
generated only when this level is preceded by 
an inactive-to-active transition on the line. In 
both cases, the level must remain active until 
the interrupt is acknowledged. 


MSK: Mask bit, 1 = mask; 0 = nonmask. 


C: Cascade mode bit, 1 = cascade; 0 = direct 






SFNM: Special fully nested mode bit, 1 =SFNM; 
0 = norma! nested mode. 


EO! Register 


The end of the interrupt register is a command register which 
can only be written into. The format of this register is shown in 
Figure 30. It initiates an EOI command when written to by the 
80188 CPU. 


The bits in the EOI! register are encoded as follows: 






Encoded information that specifies an interrupt 
source vector type as shown in Table 4. For ex- 


Sx: 


ample, to reset the In-Service bit for DMA channel 


0, these bits should be set to 01010, since the 


vector type for DMA channel 0 is 10. Note that to 


reset the single In-Service bit for any of the three 
timers, the vector type for timer 0(8) should be 
written in this register. 


4 3 2 1 0 
Poftot. eo [ic] Pre | Pri | Pro | 
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Figure 27. Timer/DMA Control Register Formats 


6 5 4 3 2 1 0 
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Figure 28. INTO/INT1 Control Register Formats 


5 


4 3 2 1 0 
pofot ef 8 fet | isk | Pre | Prt | Pao | 








NSPEC/: A bit that determines the type of EOI command. 
SPEC Nonspecific = 1, Specific = 0. 
Poll and Poll Status Registers 


These registers contain polling information. The format of 
these registers is shown in Figure 31. They can only be read. 
Reading the Poll register constitutes a software poll. This will 
set the IS bit of the highest priority pending interrupt. Reading 
the poll status register will not set the 1S bit of the highest 
priority pending interrupt; only the status of pending interrupts 
will be provided. 





Figure 29. INT2/INT3 Control Register Formats 


Encoding of the Poll and Poll Status register bits are as 
follows: 


Sx: Encoded information that indicates the vector type 


of the highest priority interrupting source. Valid only 


when INTREQ = 1. 


INTREQ: This bit determines if an interrupt request is pres- 
ent. Interrupt Request = 1; no Interrupt Request = 0. 
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iRMX 86 COMPATIBILITY MODE 


This mode allows iRMX 86-80188 compatibility. The interrupt 
model of iRMX 86 requires one master and multiple slave 
8259As in cascaded fashion. When iRMX mode is used, the 
internal 80188 interrupt controller will be used as a slave 
controller to an external master interrupt controller. The 
internal 80188 resources will be monitored through the inter- 
nal interrupt controller, while the external controller functions 
as the system master interrupt controller. 


Upon reset, the 80188 interrupt controller will be in the non- 
iRMX 86 mode of operation. To set the controller in the IRMX 
86 mode, bit 14 of the Relocation Register should be set. 


Because of pin limitations caused by the need to interface to 
an external 8259A master, the internal interrupt controller will 
no longer accept external inputs. There are however, enough 
80188 interrupt controller inputs (internally) to dedicate one to 
each timer. In this mode, each timer interrupt source has its 
own mask bit, IS bit, and control word. 


The iRMX 86 operating system requires peripherals to be 
assigned fixed priority levels. This is incompatible with the 
normal operation of the 80188 interrupt controtler. Therefore, 
the initialization software must program the proper priority 


14 13 


levels for each source. The required priority levels for the 
internal interrupt sources in iRMX mode are shown in Table 
16. 


Table 16. Internal Source Priority Level 


Priority Level Interrupt Source 


Timer 0 
(reserved) 


Timer 2 


These level assignments must remain fixed in the iRMX 86 
mode of operation. 


iRMX 86 Mode External Interface 


The configuration of the 80188 with respect to an external 
8259A master is shown in Figure 32. The INTO input is used as 
the 80188 CPU interrupt input. INT3 functions as an output to 
send the 80188 slave-interrupt-request to one of the 8 master- 
PIC-inputs. 


15 a a ee 
SPEC/ 


Figure 30. EOI Register Format 


15 14 13 


5 4 3 2 1 0 
INT 
Ea ee a 


Figure 31. Poll Register Format 
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Figure 32. iRMX 86 Interrupt Controller Interconnection 








Correct master-slave interface requires decoding of the slave 
addresses (CASO-2). Slave 8259As do this internally. Be- 
cause of pin limitations, the 80188 salve address will have to 
be decoded externally. INT1 is used as a slave-select input. 
Note that the slave vector address is transferred internally, but 
the READY input must be supplied externally. 


INT2 is used as an acknowledge output, suitable to drive the 
INTA input of an 8259A. 


Interrupt Nesting 


iRMX 86 mode operation allows nesting of interrupt requests. 
When an interrupt is acknowledged, the priority !ogic masks off 
all priority levels except those with equal or higher priority. 


Vector Generation in the iRMX 86 MODE 


Vector generation in iRMX mode is exactly like that of an 
8259A slave. The interrupt controller generates an 8-bit vector 
which the CPU multiplies by four and uses as an address into a 
vector table. The significant five bits of the vector are user- 
programmable while the lower three bits are generated by the 
priority logic. These bits represent the encoding of the priority 
level requesting service. The significant five bits of the vector 
are programmed by writing to the Interrupt Vector register at 
offset 20H. 


Specific End-of-Interrupt 


In iRMX mode the specific EO! command operates to reset an 
in-service bit of a specific priority. The user supplies a 3-bit 
priority-level value that points to an in-service bit to be reset. 
The command is executed by writing the correct value in the 
Specific EOI register at offset 22H. 


Interrupt Controller Registers in the iRMX 
86 Mode 


All contro! and command registers are located inside the 
internal peripheral contro! block. Figure 33 shows the offsets 
of these registers. 


End-of-Interrupt Register 


The end-of-interrupt register is a command register which can 
only be written. The format of this register is shown in Figure 
34. It initiates an EOI command when written by the 80188 
CPU. 


The bits in the EOI register are encoded as follows: 


Ly: Encoded value indicating the priority of the 
IS bit to be reset. 


In-Service Register 


This register can be read from or written into. It contains the in- 
service bit for each of the internal sources. The format for this 
register is shown in Figure 35. Bit positions 2 and 3 corre- 
spond to the DMA channels; positions 0, 4, and 5 correspond 
to the integral timers. The source's IS bit is set when the 
processor acknowledges its interrupt request. 


Interrupt Request Register 


This register indicates which internal peripherals have interrupt 
requests pending. The format of this register is shown in 








Figure 35. The interrupt request bits are set when a request 
arrives from an internal source, and are rest when the 
processor acknowledges the request. 


Mask Register 


This register contains a mask bit for each interrupt source. The 
format for this register is shown in Figure 35. If the bit in this 


. register corresponding to a particular interrupt source is set, 
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any interrupts from that source will be masked. These mask 
bits are exactly the same bits which are used in the individual 
control registers, i.e., changing the state of a mask bit in this 
register will also change the state of the mask bit in the 
individual interrupt control register corresponding to the bit. 


Control Registers 


These registers are the contro! words for all the internal 
interrupt sources. The format of these registers is shown in 
Figure 36. Each of the timers and both of the DMA channels 
have their own Contro! Register. 


The bits of the Control Registers are encoded as follows: 


pry: 3-bit encoded field indicating a priority level for the 
source; note that each source must be programmed 
at specified levels. 


msk: mask bit for the priority level indicated by pr, bits. 


OFFSET 
































LEVEL 5 CONTROL REGISTER 
(TIMER 2) 


LEVEL 4 CONTROL REGISTER 
(TIMER 1) 


LEVEL 3 CONTROL REGISTER 
(DMA 1) 


LEVEL 2 CONTROL REGISTER 
(DMA 0) 


LEVEL 0 CONTROL REGISTER 
(TIMER 0) 


3AH 
38H 
36H 
34H 


32H 






INTERRUPT-REQUEST REGISTER 2EH 












IN-SERVICE REGISTER 2CH 












PRIORITY-LEVEL MASK REGISTER | 2AH 










MASK REGISTER 28H 












SPECIFIC EOI REGISTER 22H 











“ INTERRUPT VECTOR REGISTER 20H 






Figure 33. Interrupt Controller Registers 
(IRMX 86 Mode) 
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15 14 13 8 7 6 5 4 3 2 1 0 
pofof. sf of of of of of o fie} it] to | 


Figure 34. Specific EQI Register Format 


15 14 183 8 7 6 5 4 3 2 1 0 
poftofo}. . |... fof o{ o {twreltmri| ot | oo | 0 | TMRo| 
Figure 35. In-Service, Interrupt Request, and Mask Register Format 


Interrupt Vector Register my: 3-bit encoded field indication priority-level value. All 
levels of lower priority will be masked. 
This register provides the upper five bits of the interrupt vector 


address. The format of this register is shown in Figure 37. The Interrupt Controller and Reset 
interrupt controller itself provides the lower three bits of the 
interrupt vector as determined by the priority level of the 
interrupt request. 


Upon RESET, the interrupt controller will perform the following 
actions: 
@ All SFNM bits reset to 0, implying Fully Nested Mode. 
The format of the bits in this register is: @ All PR bits in the various control registers set to 1. Tis 
places all sources at lowest priority (level 111). 
tx: 5-bit field indicating the upper five bits of the vector All LTM bits reset to 0, resulting in edge-sense mode. 
address. All Interrupt Service bits reset to 0. 
All Interrupt Request bits reset to 0. 
Priority-Level Mask Register All MSK (Interrupt Mask) bits set to 1 (mask). 
All G (Cascade) bits reset to 0 (non-cascade). 
All PRM (Priority Mask) bits set to 1, implying no levels 
masked. 
The encoding of the bits in this register is: Initialized to NON-IRMX 86 mode. 


This register indicates the lowest priority-level interrupt which 
will be serviced. 


16 14 13 8 7 6 5 4 3 2 1 0 
pofojo}. . fe fe fo] o | 0 |Msk) pre | Prt | PRO 


Figure 36. Control Word Format 


15 


14 13 8 7 6 5 4 3 2 1 0 
a Cd ee ee ESE 


Figure 37. Interrupt Vector Register Format 


15 14 13 8 7 6 5 4 3 2 1 0 
Rae eae CRE 


Figure 38. Priority Level Mask Register 
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INTERFACE K____ > (°) OISK 


HARDWARE 


AF002826 


Figure 39. Typical 80188 Computer 
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80188 


29843 OR 


29843 OR 


oS 


SYSB/RESB 
i068 
COCK RESB 


Figure 40. Typical 80188 Multi-Master Bus Interface 


BUS CONTROL 
COMMANDS 


MULTIBUS 
ARBITRATION 


AF002835 





ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature -65°C to + 150°C Commercial (C) Devices 

Voltage on Any Pin with Temperature (Ta) 0 to +70°C 
Respect to Ground -10Vto+7V 0 to +110°C 

Power Dissipation (steady state 70°C)................... 2.0 W Supply Voltage (Vcc) 5V + 10% 


: Industrial (I) Devices 
Stresses above those listed under ABSOLUTE MAXIMUM Temperature (Ta) _~40 to +85°C 


RATINGS may cause permanent device failure. Functionality Supply Voltage (V 5V + 5% 
at or above these limits is not implied. Exposure to absolute BEY, 9¢ (Voc) i 
maximum ratings for extended periods may affect device Operating ranges define those limits between which the 
reliability. functionality of the device is guaranteed. 


DC CHARACTERISTICS (over operating range unless otherwise specified) 


[parameters | Deseription [Test Conditions [win | wax | Unite | 
[vi] put tow vonage dT SSCS | 0 | v8 | Vos 
ing HIGH Notage ee ee 
[vise | toput HIGH Votage ES) | SCS | Vs 
[Vou | Gutput HIGH Vonage | loaw-a00uaSS*dtC YS *dSCs 
7 
co Power Supply Curent 7 5 
PtasrreSSCSC~SSSC*d 
ppt Ceakage Covent «dV eves SCs 
\o feo 
oe 





[Vou | Glock input Low vowags———SidSSSCSC~“~SCSCSCS ww *dCVts 
FVou | Glock input HIGH Votiage is —SCSCSCSC~SSCSCS 8 Vee + | Vo 


input Capacitance SSE rT 
i/0 Capacitance esa (MNES (NSE Hl (AG. ) 


SWITCHING CHARACTERISTICS 
PIN TIMING 
80188 Timing Requirements All Timings Measured At 1.5 Volts Unless Otherwise Noted 


80188-10 (10 MHz)| 80188 (8 MHz) 


| Parameters_| Description | _Test Conditions| Min. | Max. | Min. | _Max._| Units | 

| Tove. | Data in Setup (A/D) tts 

| Tox | Data in Hold A/D) PT tits 

Tawen  [einipracue snp me’ fT | 
(AREADY) active setup time 

| Tanvech | AREADY inactive setup time | 8s 

| Tcnanvx | AREADY hold time Pt tts 


TARYCHL peyncnronous Ready inactive hold 
ime 

TSRYCL Synchronous Ready 
(SREADY) transition setup time 


"To guarantee recognition at next clock. 
For Industrial Grade Parts only. 





See Section 6 for Thermal Characteristics Information. 
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SWITCHING CHARACTERISTICS (Cont'd.) 
80188 Master Interface Timing Responses 


80188-10 (10 MHz) 80188 (8 MHz) 
Parameters Description Test Conditions | min. | Max. | Min. | Max. | 


Toray | Aderess Vale Delay [=20-200 pF at oupus | 5 | « | 5 | 65 | ms 
So 
Touz TouAK [35 | rs _| 


Hocsceal 
| 30 | 
= aes 
ie cD BC 
(after float) 

| | Ts 
| 30 | 
| 30 | 





TCLAX 


TLHLL ALE Width Tercisas 

cH ——— aaa ee ee 

TCHLL ALE Inactive Delay ee Cs 
ronecae |_| ronouas [re 


TE 

Touov Ce 
TcLDox SOS A Oe 
TwHox proces [| roucao [ns 
Tovery 70 

Toucty 
Toverx 

(Non-Write Cycle) 
TAZAL 


TCLRL RD Active Delay 
TCLAH RD Inactive Delay 10 


Tray [RO inactive 10 Adcress Acie | ——S—S~—~—SCSCSCSCS~s CM Te |e 
Touay [HUA Vals Deay S| CSCSCSCSC~S SC dT TdT | 
Tru RB wim SCdSCSC~—CSCS Cs Se 
twee [WA Wieth SSCS arene [arc ao [e _| 
Tava | Aderess vad io ALELOW [| ___———sSSSSSSCSCS~d CH [Toco [| ns 
TTousy [Status Actve Deay S| SSCS Sd dL | 
Trois [Status inacive Delsy sd SST td te 
Toutmy [Timer Output Delay ‘(| __—ioprmax «| SSC~iY | «de 
ToHOK 


TCLLV LOCK Valid/Invalid Delay 


TCLCL-30 


EE 
> 


= 


80188 Chip-Select Timing Responses 


80188-10 (10 MHz) 80188 (8 MHz) 
Parameters Description Test Conditions | min. | Max. | Min. | Max. | 


Chip-Select Active Delay ers es ee ee ee 
Chip-Select Hold from 
TCxcsx Command Inactive a5 


hip Solest Niece Doles a 








ao 
Oo 
ars 
ae 
ao 


SWITCHING CHARACTERISTICS (Cont'd.) 
80188 CLKIN Requirements 


80188-10 (10 MHz) 80188 (8 MHz) 
Parameters Description Test Conditions | min. | Max. | min. | Max. | 


[Team [GRIN Peoo ————SC~id SSCS +d rr | oes im |e | 
Tone | CLKIN Fal Time ——=~=~—~iztCa Moons CSC~idSC“‘CSCSCS#*SC*DSC‘“‘(#SCS 
Toxin | CLKIN Rise Tima ———SC*dp A was vole Ss ~SSCSCSCSC~rC dd 
Tee 20 
TCHCK CLKIN HIGH Time 20 


80188 CLKOUT Timing (200 pF load) 


Parameters Description Test Conditions | min, =| Max. | = Min, | 
Taco | CLKINt LKOUT Seew |S SC™C™~—“—;C~dTSC“‘;‘iT '~SCdTSCCC*d 
Touc,___| CLKOUT Period P0500 tas [80 
J g 1 
Touch | _CLKOUT LOW Time Taa6o |__| _‘eroa7s 
O10 3 





TCHCL CLKOUT HIGH Time YeTcLcL-6.0 VeTcLcL-7.5 
TCHICH2 CLKOUT Rise Time 1.0 to 3.5 volts Pe el as 
ToL2ci1 CLKOUT Fall Time 3.5 to 1 volts ——Sa i. 


All timings measured at 1.5 volts unless otherwise noted. 


SWITCHING TEST INPUT/OUTPUT WAVEFORM 





1.5 —-— TEST POINTS —~ 1.5 





WF001870 


AC testing inputs are driven at 2.4 V for a logic ''1'' and 0.45 V for a logic ''0."" The clock is driven at 
4.3 V and 0.25 V. Timing measurements are made at 1.5 V for both a logic ''1"' and ''0.” 
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CLK OUT 


S, Sy So 


$7 


Ai9/Se~Ar6/S, 


Ais~As 


WRITE CYCLE 


WR 


AD,-AD, 
AD,,-AD, 
INTA CYCLE 


RO, WR, ~ Vow 


SOFTWARE HALT— DT/R =Vo,, 
D, WA, INTA, DEN = Von 


PCS, 
mcs 
LCS, 
MCS 


TCLAV —»> 


SWITCHING WAVEFORMS 
MAJOR CYCLE TIMING 


Vou a Tz Ts 7 Ta 


(2) 


<¢— TCLCL TCL2CL1 


ewes ees. 


5 a 


i 
|| Xone, 
et 


TCHCZ 
i NOTE 1 





A15-Ag (FLOAT DURING INTA) 


fe oR oe 
geno oe 


=x Te 


POINTER 


ee 
rey 
, ay 
| 





- INVALID ADDRESS im 
— 


TCHCSX —> 


<=— TCLCSV TCXCSX —> 


WF006214 
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SWITCHING WAVEFORMS (Cont'd.) 
MAJOR CYCLE TIMING (Cont'd.) 


T T, Ts Tw Tt 
TCLCL TCHICHZ 
TCHICH2 


“ef Whe == aml 
rm Sa er 


TCLAX 


savecnwm | | X meme XT 


FLOAT 


( _DATAIN wh) 
oe a 


READ CYCLE 


<—TCLCSV 


Notes: 

1. Following a Write cycle, the Local Bus is floated by the 80188 only when the 
80188 enters a "Hold Acknowledge"’ state. 

2. INTA occurs one clock later in RMX-mode. 

3. Status inactive just prior to Ty. 


TRHAV 


TCHCTV 


TCHCSX 


TCXCSX 4 << — 


WF006226 





oe 
i] 
ook 
eo 
oe 
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SWITCHING WAVEFORMS (Cont'd.) 


TINVCH 


NMI, 
TEST 
INTO-3 
TIMERIN 


CLKOUT 
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WF006232 


4 


TINVCL —> 


WF006240 


TCHQSV 


WF006250 





SWITCHING WAVEFORMS (Cont'd.) 


fos] 
i=] 
oh 
oe 
fo] 


TARYCHL 4 TARYLCL—= eg 


WF006262 





WF006270 


HOLD-HLDA TIMING 


r ian 
80188 
i) e 
A19/S6-A1@/S3, 
RB, WR, 80188 (| 80188 
s7, -———————_- 


oT/A, 
$2-S0 


WF006282 
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SWITCHING WAVEFORMS (Cont'd.) 


TCKIN 


TCHICH2 


CLKOUT 


TCLCK 


~<«— TCL2CL1 


WF006293 


TIMER ON 80188 


TINVCH 


TIMERIN 


TiIMEROUT 


80188 INSTRUCTION TIMINGS 


The following instruction timings represent the minimum 
execution time in clock cycles for each instruction. The timings 
given are based on the following assumptions: 

@ The opcode, along with any data or displacement required 
for execution of a particular instruction, has been pre- 
fetched and resides in the queue at the time it is needed. 
No wait states or bus HOLDS occur. 
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2-6 CLOCKS 


WFO006300 


@ All word-data is located on even-address boundaries. 


All jumps and calls include the time required to fetch the 
opcode of the next instruction at the destination address. 


All instructions which involve memory reference can require 
one (and in some cases, two) additional clocks above the 
minimum timings shown. This is due to the asynchronous 
nature of the handshake between the BIU and the Execution 
unit. 





INSTRUCTION SET SUMMARY 


fos] 
© 
wk 
fos] 
eo 


FUNCTION FORMAT 


DATA TRANSFER 
MOV = Move: 


Register to Register/Memory 1000100w mod reg r/m 


Register/memory to register 1000101w mod reg r/m 


mod 000 r/m 


data if w=1 8/16-bit 


8/16-bit 


Immediate to register/memory 1100011w 


Immediate to register 


addr-low addr-high 
addr-low addr-high 


Register/memory to segment register 10001110] modOreg r/m 


Memory to accumulator 1010000w 


Accumulator to memory 1010001tw 


Segment register to register/memory 10001100 mod 0 reg r/m 


PUSH = Push: 
Memory 1114111114 4) mod110 r/m 


Register 01010 reg 


Segment register 000reg 110 


Immediate 011010s1 data if s=0 


PUSHA = Push All 01100000 


POP = Pop: 
Memory 10001111 mod 0 0 0 r/m 


Register 01011 reg 


Segment register 000reg111 (reg #01) 


POPA = Pop All 01100001 
XCHG = Exchange: 
Register/memory with register 1000011w mod reg r/m 





Register with accumulator 10010 reg 


IN = Input from: 
Fixed port 1110010w 


Variable port 1110110w 


OUT = Output to: 
Fixed port 1110011w 


Variable port 
XLAT = Translate byte to AL 11010111 


LEA = Load EA to register 10001101 


mod reg r/m 


LDS = Load pointer to DS 11000101 mod reg r/m (mod # 11) 


LES = Load pointer to ES 11000100 mod reg r/m (mod # 11) 


LAHF = Load AH with flags 10011111 


SAHF = Store AH into flags 10011110 
PUSHF = Push flags 10011100 
POPF = Pop flags 10011101 


Shaded areas indicate new 80188 instructions not available in 8086 or 8088 microprocessors. 


All mnemonics copyright of Intel Corp. 1982 
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INSTRUCTION SET SUMMARY (Cont'd.) 


FUNCTION FORMAT 


ARITHMETIC 
ADD = Add: 


Reg/memory with register to either 000000dw mod reg r/m 


Immediate to register / memory 100000sw mod 000 r/m 


data if s w=01 


Immediate to accumulator 0000010Ww data if w=1 8/16-bit 


ADC = Add with carry: 


Reg/memory with register to either 000100dw mod reg r/m 


Immediate to register/memory 100000sw]| mod010r/m data data if s w=01 


Immediate to accumulator 0001010w 


data if w=1 8/16-bit 
INC = Increment: 


Register/memory 11111144wi} mod000r/m 


Register 01000 reg 
SUB = Subtract: 
Reg/memory and register to either 001010dw 


mod reg r/m 


Immediate from register/memory 100000sw mod 1 0 1 r/m data ifs w=01 


Immediate from accumulator 0010110w 8/16-bit 


SBB = Subtract with borrow: 
Reg/memory and register to either 000110dw mod reg r/m 


Immediate from register/memory 100000sw mod 0 1 1 r/m data ifs w=01 


Immediate from accumulator i 0001110w data if w=1 8/16-bit 


DEC = Decrement: 
Register/memory 1111111Ww i} mod001 r/m 
Register 01001 reg 
CMP = Compare: 
Register/memory with register 0011101W mod reg r/m 


Register with register/memory 0011100w mod reg r/m 


Immediate with register/memory 100000sw mod 1 1 14 r/m data ifs w=01 


Immediate with accumulator 0011110w 8/16-bit 


NEG = Change sign 111101%1w{ mod011r/m 


AAA = ASCII adjust for add 0011014111 
DAA = Decimal! adjust for add 00100111 
AAS = ASCI! adjust for subtract 001111141 
DAS = Decimal adjust for subtract 001011141 


MUL = Mulitiply (unsigned) 111101%1w mod 100 r/m 
Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 
IMUL = Integer multiply (signed): - 1111011w mod 10 1 ¢r/m 
Register-Byte 
Register-Word 
Memory-Byte 31-34 
Memory-Word 40 - 43 
IMUL = Integer immediate multiply 011010s1 mod reg r/m data if s=0 22 - 25/29 - 32 
(signed) 

DIV = Divide (unsigned): 1111011w 
Register-Byte 

Register-Word 

Memory-Byte 

Memory-Word 


26 ~ 28 
35 - 37 
32-34 
41-43 


25 - 28 
34-37 


mod 1 10 r/m 


Shaded areas indicate new 80188 instructions not available in 8086 or 8088 microprocessors. 


All mnemonics copyright of Intel Corp. 1982 





INSTRUCTION SET SUMMARY (Cont'd.) 
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Clock 
FUNCTION FORMAT Cycles Comments 


ARITHMETIC (Continued): 


IDIV = Integer divide (signed): 111141011w{ mod111r/m 


Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 


AAM = ASCII adjust for multiply 11010100);00001010 


AAD = ASCII adjust for divide 11010101/00001010 


CBW = Convert byte to word 10011000 


CWD = Convert word to double word 10011001 


LOGIC 
Shift/Rotate Instructions: 


Register/Memory by 1 1101000w mod TTT r/m 


Register/Memory by CL 1101001w mod TTT r/m 


Register/Memory by Count 1100000w mod TTT r/m 5+n/i7+n 


= 


instruction 
ROL 
ROR 
RCL 
RCR 
SHL/SAL 
SHR 
SAR 


—a- 3+ O000 


-0o0-+00 
==4=0-~0-0 


AND = And: 
Reg/memory and register to either 001000dw mod reg r/m 
mod 10 0 r/m 


data if w=1 8/16-bit 


Immediate to register/memory 1000000Ww 


Immediate to accumulator 0010010Ww data 





TEST = And function to flags, no result: 


Register/memory and register 1000010w mod reg r/m 
mod 000 r/m 


data if w=1 8/16-bit 


Immediate data and register/memory 


Immediate data and accumulator 1010100w 


OR = Or: 


Reg/memory and register to either 000010dw mod reg r/m 
Immediate to register/memory 1000000w mod 00 1 r/m 


Immediate to accumulator 0000110w data if w=1 8/16-bit 


XOR = Exclusive or: 
Reg/memory and register to either 001100dw mod reg r/m 


mod 110 r/m data if w=1 


Immediate to register/memory 1000000w 


Immediate to accumulator 0011010w 8/16-bit 


mod 010 1r/m 


NOT = Invert register/memory 1111011w 
STRING MANIPULATION: 

MOVS = Move byte/word 1010010w 
CMPS = Compare byte/word 1010011w 
SCAS = Scan byte/word 1010111w 
LODS = Load byte/wd to AL/AX 1010110w 
STOS = Stor byte/wd from AL/A 1010101w 


INS = Input byte/wd from DX port 0110110w 


OUTS = Output byte/wd to DX port 0110111w 


Shaded areas indicate new 80188 instructions not available in 8086 or 8088 microprocessors. 


All mnemonics copyright of Intel Corp. 1982 
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FUNCTION 


STRING MANIPULATION (Continued): 


Repeated by count in CX 
MOVS = Move string 


CMPS = Compare string 
SCAS = Scan string 
LODS = Load string 
STOS = Store string 


INS = Input string 


OUTS = Output string 
CONTROL TRANSFER 
CALL = Call: 

Direct within segment 


Register memory 
indirect within segment 


Direct intersegment 


Indirect intersegment 
JMP = Unconditional jump: 


Short/long 


Direct within segment 


Register/memory indirect within segment 


Direct intersegment 


Indirect intersegment 

RET = Return from CALL: 
Within segment 

Within seg adding immed to SP 
Intersegment 


Intersegment adding immediate to SP 


INSTRUCTION SET SUMMARY (Cont'd.) 


FORMAT 


11110010)1010010w 


1111001z/1010011Ww 
1114001z2/1010111Ww 
11110010/1010110w 
11110010/1010101w 


11110010/]/0110110w 


Oo110111w0 


11101000 disp-high 


111111141 mod 010 r/m 


10011010 


wo 
o 
a 
3 
® 
=] 
2 
° 
= 
wn 
0) 
g 


segment selector 


11441111 mod 0 1 1 r/m (mod ¥ 11) 


11101011 disp-low 


11101001 disp-high 


111114111441 mod 10 0 r/m 


11101010 


segment selector 


1111777911 mod 10 1 r/m (mod # 11) 


11000011 


11000010 data-low data-high 


11001011 


11001010 data-low data-high 


Shaded areas indicate new 80188 instructions not available in 8086 or 8088 microprocessors. 


All mnemonics copyright of tntel Corp. 1982 
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14 
22 
15 
12 
10 


8+ 8n/14 Repeated/ 
Not Repeated 

8+ 8n/14 Repeated/ 
Not Repeated 





FUNCTION 
CONTROL TRANSFER (Continued): 


JE/JZ = Jump on equal zero 

JL/INGE = Jump on less not greater or equal 
JLE/JNG = Jump on less or equal not greater 
JB/JNAE = Jump on below not above or equal 
JBE/JNA = Jump on below or equal not above 
JP/JPE = Jump on parity parity even 

JO = Jump on overflow 

JS = Jump on sign 

JNE/JNZ = Jump on not equal not zero 
JNL/JGE = Jump on not less greater or equal 
JNLE/JG = Jump on not less or equal greater 
JNB/JAE = Jump on not below above or equal 
JNBE/JA = Jump on not below or equal above 
JNP/JPO = Jump on not par / par odd 
JNO = Jump on not overflow 

JNS = Jump on not sign 

LOOP = Loop CX times 

LOOPZ/LOOPE = Loop while zero equal 
LOOPNZ/LOOPNE = Loop while not zero equal 
JCXZ = Jump on CX zero 


ENTER = Enter Procedure 


L=0 
L=1 
L>1 


LEAVE = Leave Procedure 
INT = Interrupt: 


Type specified 
Type 3 
INTO = [Interrupt on overflow 


IRET = Interrupt return 


BOUND = Detect value out of range 


INSTRUCTION SET SUMMARY (Cont'd.) 


es 
So 
= 
eo 
eo 


FORMAT 


01110100 13 if JMP 
taken 

4 if JMP 

not taken 


01111100 
01111110 


01110010 
01110110 


01110000 
01111000 


01110101 


01111101 


011111141 


01110011 


01110111 
01111011 
01110001 


01111001 


11100010 
11100001 


11100000 





JMP taken/ 
JMP not taken 


11100011 


11001000 


data-low data-high 


15 
25 
22 + 16(n = 1) 


11001001 8 


11001101 


< 


11001100 if INT. taken/ 


11001110 if INT. not 
taken 


11001111 


01100010 mod reg r/m 


Shaded areas indicate new 80188 instructions not available in 8086 or 8088 microprocessors. 


All mnemonics copyright of Intel Corp. 1982 
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INSTRUCTION SET SUMMARY (Cont'd.) 
Clock 


PROCESSOR CONTROL 

CLC = Clear carry 11111000 

CMC = Complement carry 11110101 

STC = Set carry 

CLD = Clear direction 

STD = Set direction 

CLI = Clear interrupt 11111010 

STI = Set interrupt 

HLT = Halt 41110100 

WAIT = Wait if test = 0 
LOCK = Bus lock prefix 11110000 

ESC = Processor Extension Escape 10011TTT 

































(TTT LLL are opcode to processor extension) 
FOOTNOTES REG is assigned according to the following table: 

The effective Address (EA) of the memory operand is 16-Bit (w=1) 8-Bit (w= 0) 
computed according to the mod and r/m fields: 

: ; 000 AX 000 AL 
if mod=11 then r/m is treated as a REG field 001 CX 001 CL 
if mod = 00 then DISP =0 , disp-low and disp-high are 010 DX 010 DL 
absent 011 BX 011 BL 
if mod = 01 then DISP = disp-low sign-extended to 16-bits, 100 SP 100 AH 
if mod = 10 then DISP = disp-high: disp-low 110 SI 110 DH 
if r/m = 000 then EA = (BX) + (SI) + DISP 111 Ol 111 BH 
if r/m = 001 then EA = (BX) + (Dl) + DISP 
if r/m == 010 then EA = (BP) + (SI) + DISP 
if r/m = 011 then EA = (BP) + (DI) + DISP 
if r/m= 100 then EA = (SI) + DISP The physical addresses of all operands addressed by the BP 
if r/m= 101 then EA = (Dl) + DISP | register are computed using the SS segment register. The 
if r/m=110 then EA = (BP) + DISP physical addresses of the destination operands of the string 
if r/m=111 then EA = (BX) + DISP primitive operations (those addressed bythe DI register) are 

computed using the ES segment, which may not be overrid- 


DISP follows 2nd byte of instruction (before data if required) Aan 
“except if mod = 00 and r/m=110 then EA =disp-high: disp-low. 


SEGMENT OVERRIDE PREFIX 


0011reg 110 


reg is assigned according to the following: 


Segment 
reg Register 
00 ES 
01 cs 
10 Ss 


11 DS 
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80286 


High-Performance Microprocessor with 
Memory Management and Protection 


DISTINCTIVE CHARACTERISTICS 


High performance processor (up to 13.3 times iAPX 86 
when using the 16 MHz 80286) 

Large address space 

- 16 megabytes physical 

- 1 gigabyte virtual memory per task 

Integrated memory management, four-level memory 
protection and support for virtual memory and operating 
systems 


98208 


@ Two iAPX 86 upward compatible operating modes 
- iAPX 86 real address mode 
- Protected virtual address mode 
@ High bandwidth bus interface (16 megabyte/sec) 
@ Range of clock rates 
- 8 MHz 80286-8 
- 10 MHz for 80286-10 (Preliminary) 
- 12 MHz 80286-12 (Preliminary) 
- 16 MHz 80286-16 (Advance Info.) 


GENERAL DESCRIPTION 


The 80286 is an advanced, high performance microproces- 
sor with specially optimized capabilities for multiple user 
and multi-tasking systems. The 80286 has built-in memory 
protection that supports operating system and task isola- 
tion as well as program and data privacy within tasks. A 12 
MHz 80286 provides up to ten times greater throughput 
than the standard 5 MHz 8086. The 80286 includes 
memory management capabilities that map up to 230 bytes 
(one gigabyte) of virtual address space per task into 224 
bytes (16 megabytes) of physical memory. 


The 80286 is upward compatible with iAPX 86 and 88 
software. Using iAPX 86 real address mode, the 80286 is 
object code compatible with existing iAPX 86, 88 software. 


In protected virtual address mode, the 80286 is source 
code compatible with iAPX 86, 88 software and may require 
upgrading to use virtual addresses supported by the 
80286's integrated memory management and protection 
mechanism. Both modes operate at full 80286 performance 
and execute a superset of the iAPX 86 and 88 instructions. 


The 80286 provides special operations to support the. 
efficient implementation and execution of operating sys- 
tems. For example, one instruction can end execution of 
one task, save its state, switch to a new task, load its state, 
and start execution of the new task. The 80286 also 
supports virtual memory systems by providing a segment- 
not-present exception and restartable instructions. 
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RELATED AMD PRODUCTS 


[reno | _Desetntion | 


*For 12.5-MHz operation, see the 
"82284 and 82288 Emulation in 
an IBM PC/AT Computer Using 
Two AmPAL**16R8B Devices" 

Application Note, PID #08927A. 


ORDERING INFORMATION 
Commodity Products 


AMD products are available in several packages and operating ranges. The order number (Valid Combination) is formed 
by a combination of: a. Temperature Range 

b. Package Type 

c. Device Number 

d. Speed Option (if applicable) 

e. Optional Processing 


80286 =10 Valid Combinations 
80286-12 


R, A 80286-10 
. SPEED OPTION 80286-8 


-16 = 16 MHz (Advance Info.) 
-12 = 12.5 MHz (Preliminary) Valid Combinations 


-10=10 MHz (Prelimina 
-8=8 MHz ' ” Valid Combinations list configurations 


planned to be supported in volume for this 

c. DEVICE NUMBER/DESCRIPTION device. Consult the local AMD sales office to 

High Pontoiiaioes siciapebeeseee confirm availability of specific valid combina- 

tions, to check on newly released valid com- 

b. PACKAGE TYPE binations, and to obtain additional data on 


R =68-Pin Ceramic Leadless Chip Carrier (CA2068) AMD's standard military grade products. 
A= 68-Pin Pin Grid Array (CGX068) 





a. TEMPERATURE RANGE* 
Blank = Commercial (Tc = 0 to + 85°C) 


*This device will also be available in Military temperature range. See MOS Microprocessors and Peripherals Military Handbook 
(Order #09275A/0) for preliminary electrical performance characteristics. 
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PIN DESCRIPTION 


Active : es 
sane [mame [vo | enetnton 


Active CLK System Clock provides the fundamental timing for 80286 systems. It is divided by two inside the 80286 to 
HIGH generate the processor clock. The internal divide-by-two circuitry can be synchronized to an external clock 
generator by a LOW-to-HIGH transition on the RESET input. 
Active Oo -D15 1/0 Data Bus inputs data during memory, I/O, and interrupt acknowledge read cycles; outputs data during 
HIGH memory and !/O write cycles. The data bus is active HIGH and floats to three-state OFF during bus hold 
acknowledge. 
Active A23-Ao Address Bus outputs physical memory and I/O port addresses. Ag is LOW when data is to be transferred 
HIGH on pins D7~_o9. A2g-Aig are LOW during I/O transfers. The address bus is active HIGH and floats to 
three-state OFF during bus hold acknowledge. 
Active BHE Bus High Enable indicates transfer of data on the upper byte of the data_ bus Dy5~_g. Eight-bit oriented 
LOW devices assigned to the upper byte of the data bus would normally use BHE to condition chip select 
functions. BHE is active LOW and floats to three-state OFF during bus hold acknowledge. 
BHE and Ag Encodings 
Po | 0 ~~ Word Transfer 
a ee ee ee Byte transfer on lower half of data bus (D7~9) 
$1, SO Bus Cycle Status indicates initiation of a bus cycle and, along with M/iO_and COD/INTA, defines the type 
of bus cycle. The bus is in a Tg state whenever one or both are LOW. S1 and SO are active LOW and 
float to three-state OFF during bus hold acknowledge. 
80286 Bus Cycle Status Definition 
0 (LOW) ERB Interrupt acknowledge 
1 Memory instruction read 
1 } o | Reserved 
M/iO Memory/IO Select distinguishes memory access from I/O access. If HIGH during Ts, a memory cycle or a 
halt/shutdown cycle is in progress. If LOW, an I/O cycle or an interrupt acknowledge cycle is in progress. 
M/IO floats to three-state OFF during bus hold acknowledge. 
Code/Interrupt Acknowledge distinguishes instruction fetch cycles from memory data read cycles. Also 
distinguishes interrupt acknowledge cycles from I/O cycles. COD/INTA floats to three-state OFF during bus 
Bus Lock indicates that_other system bus masters are not to gain control of the system bus following the 
current bus cycle. The LOCK signal may be activated explicitly by the ''LOCK" instruction prefix or 
automatically by 80286 hardware during memory XCHG instructions, interrupt acknowledge, or descriptor 


ee ee ee eee Byte transfer on upper half of data bus (Dj5~8) 
Active ST 
LOW 
COD/INTA |M/1O| Si | SO | Bus cycle initiated 
Ba None; not a status cycle 
hold acknowledge. P 
table access. LOCK is active LOW and floats to three-state OFF during bus hold acknowledge. 


fee] 
Oo 
NO 
a 
o 


Reserved 





Reserved 


ia 

2 

es [4 _| None; nota status ele 
po [0 [IF Ai=1 then halt, else shutdown 
ee Ta [Memoy datareadC=*S 
ES oe =a [0] Memory data wie ——SSSS—iS 
re oy [1_| None: nota status ole 
| 0 | Reserved 

) 1 | 1/0 read 

pos 

Ped 

Eo 

| + 


/O write 


ps" 
Et 
Ee 
po] 
ze 
ze 
ae 
| tick) | o | 0 | 
an 
ea 
| 1 | 1 | None; not a status cycle 
ED 
| oT 
ea 


Bus Ready terminates a bus cycle. Bus cycles are extended without limit until terminated by READY LOW. 
READY is an active LOW synchronous input requiring set-up and hold times relative to the system clock be 
met for correct operation. READY is ignored during bus hold acknowledge. 


Bus Hold Request and Hold Acknowledge control ownership of the 80286 local bus. The HOLD input allows 
another local bus master to request contro! of the local bus. When control is granted, the 80286 will float 
its bus drivers to three-state OFF and then active HLDA, thus entering the bus hold acknowledge condition. 
The local bus will remain granted to the requesting master until HOLD becomes inactive which results in the 
80286 deactivating HLDA and regaining control of the local bus. This terminates the bus hold acknowledge 
condition. HOLD may be asynchronous to the system clock. These signals are active HIGH. 





3-97 


80286 


PIN DESCRIPTION (Cont.) 


Active 
1/0 Description 


Active Interrupt Request requests the 80286 to suspend its current program execution and service a pending 

HIGH external request. Interrupt requests are masked whenever the interrupt enable bit in the flag word is cleared. 
When the 80286 responds to an interrupt request, it performs two interrupt acknowledge bus cycles to read 
an 8-bit interrupt vector that identifies the source of the interrupt. To assure program interruption, INTR must 
remain active until the first interrupt acknowledge cycle is completed. INTR is sampled at the beginning of 
each processor cycle and must be active HIGH at least two processor cycles before the current instruction 
ends in order to interrupt before the next instruction. INTR is level sensitive, active HIGH, and may be 
asynchronous to the system clock. 


Active Non-maskable Interrupt Request interrupts the 80286 with an internally supplied vector value of 2. No 
HIGH interrupt acknowledge cycles are performed. The interrupt enable bit in the 80286 flag word does not affect 
this input. The NMI input is active HIGH, may be asynchronous to the system clock, and is edge triggered 


after internal synchronization. For proper recognition, the input must have been previously LOW for at least 
four system clock cycles and remain HIGH for at least four system clock cycles. 


Processor Extension Operand Request and Acknowledge extended the memory management and protection 
PEACK capabilities of the 80286 to processor extensions. The PEREQ input requests the 80286 to perform a data 

operand transfer for a processor extension. The PEACK output signals the processor extension when the 

requested operand is being transferred. PEREQ is active HIGH and may be asynchronous to the system 


clock. PEACK is active LOW. 


Active Processor Extension Busy and Error indicate the operating condition of a processor extension to the 80286. 

LOW An active BUSY input stops 80286 program execution on WAIT and some ESC instructions until BUSY 
becomes inactive (HIGH). The 80286 may be interrupted while waiting for BUSY to become inactive. An 
active ERROR input causes the 80286 to perform a processor extension interrupt when executing WAIT or 
some ESC instructions. These inputs are active LOW and may be asynchronous to the system clock. 


Active System Reset clears the internal logic of the 80286 and is active HIGH. The 80286 may be reinitialized at 
HIGH any time with a LOW-to-HIGH transition on RESET which remains active for more than 16 system clock 
cycles. During RESET active, the output pins of the 80286 enter the state shown below: 


80286 Pin State During Reset 


Pin Names 


Pr igh) | 50, Si, PERCR, Aza ho, BHE, LOOK 


0 (LOW) M/1O, COD/INTA, HLDA 
three-state OFF | Dis-Do 


Operation of the 80286 begins after a HIGH-to-LOW transition on RESET. The HIGH-to-LOW transition of 
RESET must be synchronous to the system clock. Approximately 50 system clock cycles are required by 
the 80286 for internal initializations before the first bus cycle to fetch code from the power-on execution 
address is performed. 





A LOW-to-HIGH transition of RESET synchronous to the system clock, will begin a new processor cycle at 
the next HIGH-to-LOW transition of the system clock. The LOW-to-HIGH transition of RESET may be 
asynchronous to the system clock; however, in this case it cannot be predetermined which phase of the 
processor clock will occur during the next system clock period. Synchronous LOW-to-HIGH transitions of 
RESET are only required for systems where the processor clock must be phase synchronous to another 


Active Vss System Ground: 0 VOLTS. 

HIGH 

Active Voc System Power: +5 Volt Power Supply. 
HIGH 


Active Substrate Filter Capacitor: a 0.047pf +20% 12 V capacitor must be connected between this pin and ground. 
HIGH This capacitor filters the output of the internal substrate bias generator. A maximum DC leakage current of 
1 pa is allowed through the capacitor. 


For correct operation of the 80286, the substrate bias generator must charge this capacitor to its operating 
voltage. The capacitor charge-up time is 5 milliseconds (max.) after Vcc and CLK reach their specified AC 
and DC parameters. RESET may be applied to prevent spurious activity by the CPU during this time. After 
this time, the 80286 processor clock can be phase synchronized to another clock by pulsing RESET LOW 
synchronous to the system clock. 


FUNCTIONAL DESCRIPTION In iAPX 86 real address mode programs use real addresses 


with up to one megabyte of address space. Programs use 
virtual addresses in protected virtual address mode, also 
called protected mode. In protected mode, the 80286 CPU 
automatically maps 1 gigabyte of virtual addresses per task 
into a 16 megabyte real address space. This mode also 
provides memory protection to isolate the operating system 
and ensure privacy of each task's programs and data. Both 
modes provide the same base instruction set, registers, and 
addressing modes. 


Introduction 


The 80286 is an advanced, high-performance microprocessor 
with specially optimized capabilities for multiple user and multi- 
tasking systems. Depending on the application, the 80286's 
performance is up to six times faster than the standard 5 MHz 
8086's, while providing complete upward software compatibili- 
ty with AMD's iAPX 86, 88, and 186 family of CPU's. 


The following pages describe first, the base 80286 architec- 
ture common to both modes; second, iAPX 86 real address 
mode; and third, protected mode. 


The 80286 operates in two modes: iAPX 86 real address mode 
and protected virtual address mode. Both modes execute a 
superset of the iAPX 86 and 88 instruction set. 
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80286 Base Architecture 


The iAPX 86, 88, 186, and 286 CPU family all contain the 
same basic set of registers, instructions, and addressing 
modes. The 80286 processor is upward compatible with the 
8086, 8088, and 80186 CPU's. 


Register Set 


The 80286 base architecture has fifteen registers as shown in 
Figure 1. These registers are grouped into the following four 
categories: 


General Registers: Eight 16-bit general purpose registers 
used to contain arithmetic and logical operands. Four of these 
(AX, BX, CX, and DX) can be used either in their entirety as 16- 
bit words or split into pairs of separate 8-bit registers. 


16-BIT SPECIAL 
REGISTER REGISTER 
NAME FUNCTIONS 


BYTE MULTIPLY/DIVIDE 
ADORESSABLE VO INSTRUCTIONS 
(8-BIT 
REGISTER 
NAMES 
SHOWN) 


LOOP/SHIFT’ REPEAT COUNT 


BASE REGISTERS 


INDEX REGISTERS 


STACK POINTER 


GENERAL 
REGISTERS 


TBOO00091 


Segment Registers: Four 16-bit special purpose registers 
select, at any given time, the segments of memory that are 
immediately addressable for code, stack, and data. (For 
usage, refer to Memory Organization.) 


Base and Index Registers: Four of the general purpose 
registers may also be used to determine offset addresses of 
operands in memory. These registers may contain base 
addresses or indexes to particular locations within a segment. 
The addressing mode determines the specific registers used 
for operand address calculations. 


Status and Control Registers: Three 16-bit special purpose 
registers record or control certain aspects of the 80286 
processor state. These include the Instruction Pointer, which 
contains the offset address of the next sequential instruction 
to be executed. 


CODE SEGMENT SELECTOR 

OATA SEGMENT SELECTOR 

STACK SEGMENT SELECTOR 

EXTRA SEGMENT SELECTOR 
SEGMENT REGISTERS 


0 
FLAGS 


INSTRUCTION POINTS 
MACHINE STATUS WORD 


STATUS AND CONTROL 
REGISTERS 


TBOO0085S 


Figure 1. Register Set 


STATUS FLAGS: 
CARRY 

PARITY 
AUXILIARY CARRY 
ZERO 

SIGN 

OVERFLOW 


russe: Mor] oe Dor Dor Dw Pr [To RT" BOW NUD er] 


CONTROL FLAGS: 
TRAP FLAG 
INTERRUPT ENABLE 
DIRECTION FLAG 


SPECIAL FIELDS: 
VO PRIVILEGE LEVEL 
NESTED TASK FLAG 


NUNUIANNUTANAUUAAUNIAUNUEANNUTNNEN ANNAN ANU NANT UNEP a a 


\\\\ RESERVED 


TASK SWITCH 


PROCESSOR EXTENSION EMULATED 


MONITOR PROCESSOR EXTENSION 


PROTECTION ENABLE 
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Figure 2. Status and Control Register Bit Functions 
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Flags Word Description to three bytes. For detailed instruction formats and encodings 


refer to the instruction set summary at the end of this 
document. 


PUSH Push word onto stack 

PUSHA 
POPA 
XCHG 




























The Flags word (Flags) records specific characteristics of the 
result of logical and arithmetic instructions (bits 0, 2, 4, 6, 7, 
and 11) and controls the operation of the 80286 within a given 
operating mode (bits 8 and 9). Flags is a 16-bit register. The 
function of the flag bits is given in Table 1. 


















Table 1. Flags Word Bit Functions 


Bit 
Position 
CF {Carry Flag — Set on high-order bit carry or 
borrow; cleared otherwise 
2 PF |Parity Flag—Set if low-order 8 bits of 
result contain an even number of 1 bits; 
cleared otherwise 
4 AF {Set on carry-from or borrow-to the low- 
order four bits of AL; cleared otherwise 
ZF |Zero Flag — Set if result is zero; cleared 
otherwise 
7 SF |Sign Flag — Set equal to high-order bit of 
result (0 if positive, 1 if negative) 
1 OF 


Overflow Flag — Set if result is a too-large 
large positive number or a too-small 
negative number (excluding sign-bit) to fit 
in destination operand; cleared otherwise 


Single Step Flag— Once set, a single 
step interrupt occurs after the next 
instruction executes. TF is cleared by the 
single step interrupt. 

Interrupt-Enable Flag— When set, 


maskable interrupts will cause the CPU to Figure 3. Data Transfer Instructions 


IF 
transfer control to an interrupt vector 
| STaaiar oa ee 
a Flag — Causes string ADDITION 



























instructions to auto decrement the 
apron dor regain 


Figure 4. Arithmetic Instructions 





Instruction Set 


The instruction set is divided into seven categories: data 
transfer, arithmetic, shift/rotate/logical, string manipulation, 
program transfer, high-level instructions, and processor con- 
trol. These categories are summarized in Figures 3-9. 


An 80286 instruction can reference zero, one, or two operands 
where an operand resides in a register, in the instruction itself, 
or in memory. Zero-operand instructions (e.g., NOP and HLT) 
are usually one byte long. One-operand instructions (e.g., INC 
and DEC) are usually two bytes long, but some are encoded in 
only one byte. One-operand instructions may reference a 
register or memory location. Two-operand instructions permit 
the following six types of instruction operations: 


— Register to Register 
— Memory to Register 
— Immediate to Register 
— Memory to Memory 
— Register to Memory 


— Immediate to Memory 





Two-operand instructions (e.g., MOV and ADD) are usually 
three to six bytes long. Memory to memory operations are 
provided by a special class of string instructions requiring one 
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OR | “inotve oF” byte or word 
(ODS 
PREP [Repeat SCS 
Figure 5. String Instructions 
[ROR | Rotate ight Bylo or word 


Figure 6. Shift/Rotate/Logical Instructions 


es eee 
aenz | sump tequaieo OSCSC—~SOCCSCSC‘~;C;*é*~drSSCSC‘“‘(CSSSSCCC~* 


JGE/JNL Jump if greater or equal/not less LOOPE/LOOPZ Loop if equal/zero 
JL/JNGE Jump if less/not greater nor equal LOOPNE/LOOPNZ Loop if not equal/not zero 


JLE/JSNG Jump if less or equal/not greater JCXZ Jump if register CX = 0 
Jump if not carry 
JNE/JNZ Jump if not equal/not zero INTERRUPTS 


Seapine Spee ike 


JP/JPE Jump if parity/parity even 
Jump if sign 


Figure 7. Program Transfer Instructions 
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[NOP [No operation 


Figure 8. Processor Control! Instructions 


ENTER Format stack for procedure entry 


LEAVE Restore stack for procedure exit 
BOUND | Detects values outside prescribed range 


Figure 9. High-Level Instructions 





Memory Organization 


Memory is organized as sets of variable length segments. 
Each segment is a linear contiguous sequence of up to 
64K(2"6) 8-bit bytes. Memory is addressed using a two- 
component address (a pointer) that consists of a 16-bit 
segment selector and a 16-bit offset. The segment selector 
indicates the desired segment in memory. The offset compo- 
nent indicates the desired byte address within the segment. 


aU) N 


OPERAND 
SELECTED 


~N 
MEMORY 


POINTER 


rr , 
SEGMENT OFFSET 


3 t) 


SELECTED 
SEGMENT 
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Figure 10. Two-Component Address 


Table 2. Segment Register Selection Rules 


Memory Segment Reglster Implicit Segment 
Reference Needed Used Selection Rule 
| Instructions =| Code (CS) Automatic with instruction prefetch 


Stack (SS) sini pushes and pops. Any memory reference which uses BP as a base 


Local Data Data (DS) All data references except when relative to stack or string destination 
External (Global) Data Extra (ES) Alternate data segment and destination of string operation 


All instructions that address operands in memory must specify 
the segment and the offset. For speed and compact instruc- 
tion encoding, segment selectors are usually stored in the high 
speed segment registers. An instruction need specify only the 
desired segment register and an offset to address a memory 
operand. 


Most instructions need not explicitly specify which segment 
register is used. The correct segment register is automatically 
chosen according to the rules of Table 2. These rules follow 
the way programs are written (see Figure 11) as independent 
modules that require areas for code and data, a stack, and 
access to external data areas. 


Special segment override instruction prefixes allow the implicit 
segment register selection rules to be overridden for special 
cases. The stack, data, and extra segments may coincide for 
simple programs. To access operands that do not reside in 
one of the four immediately available segments, either a full 
32-bit pointer can be used or a new segment selector must be 
loaded. 


Addressing Modes 


The 80286 provides a total of eight addressing modes for 
instructions to specify operands. Two addressing modes are 
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provided for instructions that operate on register or immediate 
operands: 


Register Operand Mode: The operand is located in one of 
the 8- or 16-bit general registers. 


immediate Operand Mode: The operand is included in the 
instruction. 


Six modes are provided to specify the location of an operand 
in a memory segment. A memory operand address consists of 
two 16-bit components: segment selector and offset. The 
segment selector is supplied by a segment register either 
implicitly chosen by the addressing mode or explicitly chosen 
by a segment override prefix. The offset is calculated by 
summing any combination of the following three address 
elements: 


the displacement (an 8- or 16-bit immediate value con- 
tained in the instruction) 


the base (contents of either the BX or BP base registers) 
the index (contents of either the SI or DI index registers) 


Any carry out from the 16-bit addition is ignored. Ejight-bit 
displacements are sign extended to 16-bit values. 





Combinations of these three address elements define the six 
memory addressing modes, here described. 


Direct Mode: The operand's offset is contained in the 
instruction as an 8- or 16-bit displacement element. 


Register Indirect Mode: The operand's offset is in one of the 
registers S!, Di, BX, or BP. 


Based Mode: The operand's offset is the sum of an 8- or 16- 
bit displacement and the contents of a base register (BX or 
BP). 


r 
I t 


-—=5 
CODE 
MODULE A 
OATA 


MOOULE B 


PROCESS 
STACK 


PROCESS 
DATA 
BLOCK 1 





PROCESS 
DATA 
BLOCK 2 


| | 
I 1 
t I 
I 1 
I I 
1 1 
bow 
MEMORY 


DF003660 


Figure 11. Segmented Memory Helps 
Structure Software 


Indexed Mode: The operand's offset is the sum of an 8- or 
16-bit displacement and the contents of an index register (SI 
or Dl). 
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Based Indexed Mode: The operand's offsetis the sum of the 
contents of a base register and an index register. 


Based Indexed Mode with Displacement: The operand's 
offset is the sum of a base register's contents, an index 
register's contents, and an 8- or 16-bit displacement. 


Data Types 


The 80286 directly supports the following data types: 
Integer: A signed binary numeric value contained 
in an 8-bit byte or a 16-bit word. All op- 
erations assume a 2's complement repre- 
sentation. Signed 32- and 64-bit integers 
are supported using the 80287 Numeric 
Data Processor. 
Ordinal: An unsigned binary numeric value con- 
tained in an 8-bit byte or 16-bit word. 
Pointer: A 32-bit quantity, composed of a segment 
selector component and an offset compo- 
nent. Each component is a 16-bit word. 


String: 
A string may contain from 1 byte to 64K 
bytes. 


A byte representation of alphanumeric 
and control characters using the ASCIil 
standard of character representation. 
BCD: A byte (unpacked) representation of the 
decimal digits 0-9. 
Packed BCD: A byte (packed) representation of two 
decimal digits 0-9 storing one digit in 
each nibble of the byte. 
Floating Point: A signed 32-, 64-, or 80-bit real number 
representation. (Floating point operands 
are supported using the iAPX 287 Numer- 
ic Processor configuration.) 


Figure 12 graphically represents the data types supported by 
the 80286. 


1/0 Space 


The I/O space consists of 64K 8-bit or 32K 16-bit ports. I/O 
instructions address the I/O space with either an 8-bit port 
address, specified in the instruction, or a 16-bit port address in 
the DX register. 8-bit port addresses are zero extended such 
that Ay5-Ag are LOW. I/O port addresses 00F8(H) through 
OOFF(H) are reserved. 





A contiguous sequence of bytes or words. 
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BYTE 


SIGNBIT/~_ 
MAGNITUDE 
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WORD 


SIGN BIT~,“MSB 
MAGNITUDE 
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WORD" 
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MAGNITUDE 
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*Support by iAPX 286/287 Numeric Data Processor Configuration 


Figure 12. 80286 Supported Data Types 





Table 3. Interrupt Vector Assignments 


Divide error exception 

Single step interrupt 

NMI interrupt 

Breakpoint interrupt 

INTO detected overflow exception 
BOUND range exceeded exception 
Invalid opcode exception 
Processor extension not available exception 
Reserved 

Processor extension error input 
Reserved 


User defined 


Interrupts 


An interrupt transfers execution to a new program location. 
The old program address (CS:IP) and machine state (Flags) 
are saved on the stack to allow resumption of the interrupted 
program. Interrupts fall into three classes: hardware initiated, 
INT instructions, and instruction exceptions. Hardware initiated 
interrupts occur in response to an external input and are 
classified as non-maskable or maskable. Programs may cause 
an interrupt with an INT instruction. Instruction exceptions 
occur when an unusual condition, which prevents further 
instruction processing, is detected while attempting to execute 
an instruction. The return address from an exception will 
always point at the instruction causing the exception and 
include any leading instruction prefixes. 


A table containing up to 256 pointers defines the proper 
interrupt service routine for each interrupt. Interrupts 0-31, 
some of which are used for instruction exceptions, are 
reserved. For each interrupt, an 8-bit vector must be supplied 
to the 80286 which identifies the appropriate table entry. 
Exceptions supply the interrupt vector internally. INT instruc- 
tions contain or imply the vector and allow access to all 256 
interrupts. Maskable hardware initiated interrupts supply the 8- 
bit vector to the CPU during an interrupt acknowledge bus 
sequence. Non-maskable hardware interrupts use a prede- 
fined internally supplied vector. 


Maskable Interrupt (INTR) 


The 80286 provides a maskable hardware interrupt request 
pin, INTR. Software enables this input by setting the interrupt 
flag bit (IF) in the flag word. All 224 user-defined interrupt 
sources can share this input, yet they can retain separate 
interrupt handlers. An 8-bit vector read by the CPU during the 
interrupt acknowledge sequence (discussed in System Inter- 
face section) identifies the source of the interrupt. 


Further maskable interrupts are disabled while servicing an 
interrupt by resetting the IF but as part of the response to an 
interrupt or exception. The saved flag word will reflect the 
enable status of the processor prior to the interrupt. Until the 


Interrupt 


7 
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Return Address 
Before Instruction 
Causing Exception? 


Related 
Instructions 


flag word is restored to the flag register, the interrupt flag will 
be zero unless specifically set. The interrupt return instruction 
includes restoring the flag word, thereby restoring the original 
status of IF. 


Non-Maskable Interrupt Request (NM!) 


A non-maskable interrupt input (NMI) is also provided. NMI 
has higher priority than INTR. A typical use of NMI would be to 
activate a power failure routine. The activation of this input 
causes an interrupt with an internally supplied vector value of 
2. No external interrupt acknowledge sequence is performed. 


While executing the NMI servicing procedure, the 80286 will 
not service further NMI requests, INTR requests, or the 
processor extension segment overrun interrupt until an inter- 
rupt return (IRET) instruction is executed or the CPU is reset. If 
NMI occurs while currently servicing an NMI, its presence will 
be saved for servicing after executing the first IRET instruc- 
tion. IF is cleared at the beginning of an NMI interrupt to inhibit 
INTR interrupts. 


Single Step Interrupt 


The 80286 has an internal interrupt that allows programs to 
execute one instruction at a time. It is called the single step 
interrupt and is controlled by the single step flag bit (TF) in the 
flag word. Once this bit is set, an internal single step interrupt 
will occur after the next instruction has been executed. The 
interrupt clears the TF bit and uses an internally supplied 
vector of 1. The IRET instruction is used to set the TF bit and 
transfer contro! to the next instruction to be single stepped. 


Interrupt Priorities 


When simultaneous interrupt requests occur, they are pro- 
cessed in a fixed order as shown in Table 4. Interrupt 
processing involves saving the flags, return address, and 
setting CS:IP to point at the first instruction of the interrupt 
handler. If other interrupts remain enabled, they are processed 
before the first instruction of the current interrupt handler is 
executed. The last interrupt processed is therefore the first 
one serviced. 
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Table 4. Interrupt Processing Order 


Ee INT instruction or exception 
| 2 | Single step 
Processor extension segment overrun 


Initialization and Processor Reset 


Processor initialization or start up is accomplished by driving 
the RESET input pin HIGH. RESET forces the 80286 to 
terminate all execution and local bus activity. No instruction or 
bus activity will occur as long as RESET is active. After RESET 
becomes inactive and an internal processing interval elapses, 
the 80286 begins execution in real address mode with the 
instruction at physical location FFFFFO(H). RESET also sets 
some registers to predefined values as shown in Table 5. 


Table 5. 80286 Initial Register State after RESET 


Flag word 0002(H) 
Machine Status Word FFFO(H) 
FEFO(H) 





Machine Status Word Description 


The machine status word (MSW) records when a task switch 
takes place and controls the operating mode of the 80286. It is 
a 16-bit register of which the lower four bits are used. One bit 
places the CPU into protected mode, while the other three 
bits, as shown in Table 6, control the processor extension 
interface. After RESET, this register contains FFFO(H) which 
places the 80286 in iAPX 86 real address mode. 


Table 6. MSW Bit Functions 


Bit 
Position 


Protected mode Enable places the 
80286 into protected mode and cannot 
be cleared except by RESET. 


Monitor Processor extension allows 
WAIT instructions to cause a processor 
extension not present exception 
(number 7). 


Emulate processor extension causes a 
processor extension not present 
exception (number 7) on ESC 
instructions to allow emulating a 
processor extension. 


Task Switched indicates the next 
instruction using a processor extension 
will cause exception 7, allowing 
software to test whether the current 
processor extension context belongs to 
the current task. 


The LMSW and SMSW instructions can load and store the 
MSW in real address mode. The recommended use of TS, EM, 
and MP is shown in Table 7. 


Halt 


The HLT instruction stops program execution and prevents 
the CPU from using the local bus until restarted. Either NMI, 
INTR with IF = 1, or RESET will force the 80286 out of halt. If 
interrupted, the saved CS:IP will point to the next instruction 
after the HLT. 


iAPX 86 Real Address Mode 


The 80286 executes a fully upward-compatible superset of the 
8086 instruction set in real address mode. In real address 
mode the 80286 is object code compatible with 8086 and 
8088 software. The real address mode architecture (registers 
and addressing modes) is exactly as described in the 80286 
Base Architecture section. 


Table 7. Recommended MSW Encodings For Processor Extension Control 


Recommended Use 


Instructions 
Causing 
Exception 


iAPX 86 real address mode only. Initial encoding after RESET. 80286 operation is 


identical to iAPX 86, 88. 


A processor extension exists. The current processor extension context may belong 


to another task. The exception on WAIT allows software to test for an error pending 


ESC or WAIT 


from a previous processor extension operation. 
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Memory Size 


Physical memory is a contiguous array of up to 1,048,576 
bytes (one megabyte) addressed by pins Ag through Aig and 
BHE. Ago through Ag3 are ignored. 


Memory Addressing 


In real address mode the processor generates 20-bit physical 
addresses directly from a 20-bit segment base address and a 
16-bit offset. 


The selector portion of a pointer is interpreted as the upper 16 
bits of a 20-bit segment address. The lower four bits of the 20- 
bit segment address are always zero. Segment addresses, 
therefore, begin on multiples of 16 bytes. See Figure 13 fora 
graphic representation of address formation. 


15 0 
OFFSET 
OFFSET ADDRESS 


SEGMENT 
ADDRESS 


20-BIT PHYSICAL 
MEMORY ADDRESS 


Figure 13. i|APX 86 Real Address Mode 
Address Calculation 
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All segments in real address mode are 64K bytes in size and 
may be read, written, or executed. An exception or interrupt 
can occur if data operands or instructions attempt to wrap 
around the end of a segment (e.g. a word with its low order 
byte at offset FFFF(H) and its high order byte at offset 
0000(H)). If, in real address mode, the information contained in 
a segment does not use the full 64K bytes, the unused end of 
the segment may be overlayed by another segment to reduce 
physical memory requirements. 


Reserved Memory Locations 


The 80286 reserves two fixed areas of memory in real address 
mode (see Figure 14): system initialization area and interrupt 
table area. Locations from addresses FFFFO(H) through 
FFFFF(H) are reserved for system initialization. Initial execu- 
tion begins at location FFFFO(H). Locations 00000(H) through 
OO3FF(H) are reserved for interrupt vectors. 


FFFFFH 
RESET BOOTSTRAP 


PROGRAM JUMP FFFFOH 


INTERRUPT POINTER 
FOR VECTOR 255 


INTERRUPT POINTER 
FOR VECTOR 1 


INTERRUPT POINTER 
FOR VECTOR 0 
DF003690 


Figure 14. iAPX 86 Real Address Mode Ini- 
tially Reserved Memory Locations 
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Table 8. Real Address Mode Addressing Interrupts 


Interrupt Related Return Address 
Number : Instructions Before Instruction? 
Interrupt table limit too small exception ze INT vector is not within table limit 


Processor extension segment overrun interrupt za Eee witty memoly Opeland textsnding 


Word memory reference with 
Segment overrun exception 13 offset = FFFF(H) or an attempt to execute Yes 
past the end of a segment 
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Interrupts 


Table 8 shows the interrupt vectors reserved for exceptions 
and interrupts which indicate an addressing error. The excep- 
tions leave the CPU in the state existing before attempting to 
execute the failing instruction (except for PUSH, POP, PUSHA, 
or POPA). Refer to the next section on protected mode 
initialization for a discussion on exception 8. 


Protected Mode Initialization 


To prepare the 80286 for protected mode, the LIDT instruction 
is used to load the 24-bit interrupt table base and 16-bit limit 
for the protected mode interrupt table. This instruction can 
also set a base and limit for the interrupt vector table in real 
address mode. After reset, the interrupt table base is initialized 
to OOO000(H) and its size set to O3FF(H). These values are 
compatible with iAPX 86, 88 software. LIDT should only be 
executed in preparation for the protected mode. 


Shutdown 


Shutdown occurs when a severe error is detected that 

prevents further instruction processing by the CPU. Shutdown 

and halt are externally signalled via a halt bus operation. They 

can be distinguished by Ay HIGH for halt and Ay LOW for 

shutdown. In real address mode, shutdown can occur under 

two conditions: 

@ Exceptions 8 or 13 happen and the IDT limit does not 
include the interrupt vector. 

@ A CALL, INT, or POP instruction attempts to wrap around 
the stack segment when SP is not even. 


An NMI input can bring the CPU out of shutdown if the IDT 
limit is at least OOOF(H) and SP is greater than 0005(H); 
otherwise, shutdown can only be exited via the RESET input. 


Protected Virtual Address Mode 


The 80286 executes a fully upward-compatible superset of the 
8086 instruction set in protected virtual address mode (pro- 
tected mode). Protected mode also provides memory man- 
agement and protection mechanisms and associated instruc- 
tions. 


The 80286 enters protected virtual address mode from real 
address mode by setting the PE (Protection Enable) bit of the 
machine status word with the Load Machine Status Word 
(LMSW) instruction. Protected mode offers extended physical 
and virtual memory address space, memory protection mecha- 
nisms, and new operations to support operating systems and 
virtual memory. 


All registers, instructions, and addressing modes described in 
the 80286 Base Architecture section remain the same. Pro- 
grams for the iAPX 86, 88, 186, and real address mode 80286 
can be run in protected mode; however, embedded constants 
for segment selectors are different. 


Memory Size 


The protected mode 80286 provides a 1 gigabyte virtual 
address space per task mapped into a 16-megabyte physical 
address space defined by the address pin Ao3 — Ap and BHE. 
The virtual address space may be larger than the physical 
address space since any use of an address that does not map 
to a physical memory location will cause a restartable excep- 
tion. 


Memory Addressing 


As in real address mode, protected mode uses 32-bit pointers, 
consisting of 16-bit selector and offset components. The 
selector, however, specifies an index into a memory resident 
table rather than the upper 16-bits of a real memory address. 





The 24-bit base address of the desired segment is obtained 
from the tables in memory. The 16-bit offset is added to the 
segment base address to form the physical address as shown 
in Figure 15. The tables are automatically referenced by the 
CPU whenever a segment register is loaded with a selector. 
All 80286 instructions which load a segment register will 
reference the memory based tables without additional soft- 
ware. The memory based tables contain 8 byte values called 
descriptors. 
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Figure 15. Protected Mode Memory 
Addressing 


Descriptors 


Descriptors define the use of memory. Special types of 
descriptors also define new functions for transfer of control 
and task switching. The 80286 has segment descriptors for 
code, stack and data segments, and system control descrip- 
tors for special system data segments and control transfer 
operations. Descriptor accesses are performed as locked bus 
operations to assure descriptor integrity in multi-processor 
systems. 


Code and Data Segment Descriptors 
(S = 1) 


Besides segment base addresses, code and data descriptors 
contain other segment attributes including segment size (1 to 
64K bytes), access rights (read only, read/write, execute only, 
and execute/read), and presence in memory (for virtual 
memory systems)(see Figure 16). Any segment usage violat- 
ing a segment attribute indicated by the segment descriptor 
will prevent the memory cycle and cause an exception or 
interrupt. 


BASE1s_o 


RESERVED? 
ACCESS 
RIGHTS BYTE OPL TYPE BASE23-16 
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Access Rights Byte Definition 


Bit 
este 


Segment is mapped into physical memory. 


Present (P) =1 


P=0 No mapping to physical memory exists; base and limit are not used. 


Descriptor Privilege 
Level (DPL) 
Segment Descriptor (S) ee 


Executable (E) E=0 
Expansion Direction 


(ED) 


ED = 1 Grow down segment, offsets must be > limit. 
W=0 Data segment may not be written into. 
W=1 Data segment may be written into. 


Code Segment Descriptor type is: 


Code segment may only be executed when 
CPL 2 DPL. 


R=0 Code segment may not be read. 
Code segment may be read. 
ae 5; Segment has not been accessed. 


Segment selector has been loaded into segment register or used by selector 
test instructions. 


Type Writable (W) 


Field 
Definition E=1 
C=1 


Executable (E) 
Conforming (C) 


Readable (R) 


L oot ain 


Figure 16. Code and Data Segment Descriptors 


R=1 


Code and data are stored in two types of segments: code 
segments and data segments. Both types are identified and 
defined by segment descriptors. Code segments are identified 
by the executable (E) bit set to 1 in the descriptor access 
tights byte. The access rights byte of both code and data 
segment descriptor types have three fields in common: 
present (P) bit, Descriptor Privilege Level (DPL), and accessed 
(A) bit. If P = 0, any attempted use of this segment will cause a 
not-present exception. DPL specifies the privilege level of the 
segment descriptor. DPL controls when the descriptor may be 
used by a task (refer to privilege discussion). The A bit shows 
whether the segment has been previously accessed for usage 
profiling, a necessity for virtual memory systems. The CPU will 
always set this bit when accessing the descriptor. 


Data segments (S = 1, E = 0) may be either read-only or read- 
write as controlled by the W bit of the access rights byte. 
Read-only (W =0) data segments may not be written into. 
Data segments may grow in two directions, as determined by 
the Expansion Direction (ED) bit: upwards (ED = 0) for data 
segments, and downwards (ED = 1) for a segment containing 
a stack. The limit field for a data segment descriptor is 
interpreted differently depending on the ED bit (see Figure 16). 


A code segment (S=1, E=1) may be execute-only or 
execute/read as determined by the Readable (R) bit. Code 
segments may never be written into and execute-only code 
segments (R = 0) may not be read. A code segment may also 
have an attribute called Conforming (C). A conforming code 
segment may be shared by programs that execute at different 
privilege levels. The DPL of a conforming code segment 
defines the range of privilege levels at which the segment may 
be executed (refer to privilege discussion). 


System Segment Descriptors 
(S=0, TYPE 1-3) 


In addition to code and data segment descriptors, the protect- 
ed mode 80286 defines system segment descriptors. These 
descriptors define special system data segments which con- 
tain a table of descriptors (Local Descriptor Table Descriptor) 
or segments which contain the execution state of a task (Task 
State Segment Descriptor). 


Figure 17 gives the formats for the special system data 
segment descriptors. The descriptors contain a 24-bit base 
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Segment privilege attribute used in privilege tests. 


Code or Data segment descriptor 
Non-segment descriptor 


Data segment descriptor type is: 
ED = 0 Grow up segment, offsets must be < limit. 


Data 
Segment 


Code 
Segment 


address of the segment and a 16-bit limit. The access byte 
defines the type of descriptor, its state and privilege level. The 
descriptor contents are valid and the segment is in physical 
memory if P = 1. If P= 0, the segment is not valid. The DPL 
field is only used in Task State Segment descriptors and 
indicates the privilege level at which the descriptor may be 
used (see Privilege). Since the Local Descriptor Table descrip- 
tor may only be used by a special privileged instruction, the 
DPL field is not used. Bit 4 of the access byte is 0 to indicate 
that it is a system control descriptor. The Type field specifies 
the descriptor type as indicated in Figure 17. 


System Segment Descriptor 


elie | oo 
LIMITy5-0 


TB000088 


*Must be set to 0 for compatability with i(APX 386. 
System Segment Descriptor Fields 


| Name | Value _| Description 
TYPE Available Task State Segment 
, Loca! Descriptor Table Descriptor 
3 Busy Task State Segment 
i ae teste contents are not valid 
Paes contents are valid 
eal ea Descriptor Privilege Level 
BASE 24-bit |Base Address of special system data 
number |segment in real memory 
LIMIT 16-bit |Offset of last byte in segment 
number 


Figure 17. System Segment Format 
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Gate Descriptors 
(S=0, TYPE = 4-7) 


Gates are used to control access to entry points within the 
target code segment. The gate descriptors are call gates, task 
gates, interrupt gates and trap gates. Gates provide a level of 
indirection between the source and destination of the control 
transfer. This indirection allows the CPU to automatically 
perform protection checks and control the entry point of the 
destination. Call gates are used to change privilege levels (see 
Privilege); task gates are used to perform a task switch; and 
interrupt and trap gates are used to specify interrupt service 
routines. The interrupt gate disables interrupts (resets IF) while 
the trap gate does not. 


Figure 18 shows the format of the gate descriptors. The 
descriptor contains a destination pointer that points to the 
descriptor of the target segment and the entry point offset. 
The destination selector in an interrupt gate, trap gate, and call 
gate must refer to a code segment descriptor. These gate 
descriptors contain the entry point to prevent a program from 
constructing and using an illegal entry point. Task gates may 
only refer to a task state segment. Since task gates invoke a 
task switch, the destination offset is not used in the task gate. 


Exception 13 is generated when the gate is used if a 
destination selector does not refer to the correct descriptor 
type. The Word Count field is used in the call gate descriptor 
to indicate the number of parameters (0-31 words) to be 
automatically copied from the caller's stack to the stack of the 
called routine when a control transfer changes privilege levels. 
The Word Count field is not used by any other gate descriptor. 


Gate Descriptor 


o7 


WORD 
Flore) nee, bye x) cote. 
DESTINATION SELECTOR} s_2 x x 


OESTINATION OFFSET15_9 


0 
TBOO0086 


*Must be set to 0 for compatability with iAPX 386. 
Gate Descriptor Fields 


[|__Name | Value _| Description 


4 Call Gate 
-Task Gate 
EYCE -Interrupt Gate 
-Trap Gate 
~Descriptor Contents are not 
valid 
1 —-Descriptor Contents are valid 


| DPL | o-3 | Descriptor Privilege Level 


WORD Number of words to copy from 

COUNT callers stack to called 
Procedures stack. Only used 
with call gate. 


Selector to the target code 
segment (Cail, Interrupt or 
Trap Gate) 

Selector to the target task 
state segment (Task Gate) 


DESTINATION 16-bit |Entry point within the target 
OFFSET offset |code segment 


DESTINATION 
SELECTOR 


16-bit 
selector 





Figure 18. Gate Descriptor Format 
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The access byte format is the same for all gate descriptors. 
P= 1 indicates that the gate contents are valid. P =0 indi- 
cates the contents are not valid and causes exception 11 if 
referenced. DPL is the Descriptor Privilege Level and specifies 
when this descriptor may be used by a task (refer to privilege 
discussion). Bit 4 must equal 0 to indicate a system control 
descriptor. The Type field specifies the descriptor type as 
indicated in Figure 18. 


Segment Descriptor Cache Registers 


A segment descriptor cache register is assigned to each of the 
four segment registers (CS, SS, DS, ES). Segment descriptors 
are automatically loaded (cached) into a segment descriptor 
cache register (Figure 20) whenever the associated segment 
register is loaded with a selector. Only segment descriptors 
may be loaded into segment descriptor cache registers. Once 
loaded, all references to that segment of memory use the 
cached descriptor information instead of reaccessing memory. 
The descriptor cache registers are not visible to programs. No 
instructions exist to store their contents. They only change 
when a segment register is loaded. 


Selector Fields 


A protected mode selector has three fields: descriptor entry 
index, local or global descriptor table indicator (Tl), and 
selector privilege (RPL) as shown in Figure 19. These fields 
select one of two memory based tables of descriptors, select 
the appropriate table entry and allow high-speed testing of the 
selector's privilege attribute (refer to privilege discussion). 


SELECTOR 


1 #0 


| 
2 


PRIVILEGE 
LEVEL 
(RPL) 
Ti=0 USE GLOBAL DESCRIPTOR 
INDICATOR TABLE 
(TH) (GDT) : 
Ti=1 USE LOCAL DESCRIPTOR TA- 
BLE 
(LOT) 


INDEX SELECT DESCRIPTOR ENTRY IN 
TABLE 


Figure 19. Selector Fields 
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SEGMENT SIZE 


16 15 


SEGMENT DESCRIPTOR CACHE REGISTERS 


{LOADED BY CPU) 
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Figure 20. Descriptor Cache Registers 


Local and Global Descriptor Tables 


Two tables of descriptors, called descriptor tables, contain all 
descriptors accessible by a task at any given time. A descrip- 
tor table is a linear array of up to 8192 descriptors. The upper 
13 bits of the selector value are an index into a descriptor 
table. Each table has a 24-bit base register to locate the 
descriptor table in physical memory and a 16-bit limit register 
that confines descriptor access to the defined limits of the 
table as shown in Figure 21. A restartable exception (13) will 
occur if an attempt is made to reference a descriptor outside 
the table limits. 


One table, called the Global Descriptor Table (GDT), contains 
descriptors available to all tasks. The other table, called the 
Local Descriptor Table (LDT), contains descriptors that can be 
private to a task. Each task may have its own private LDT. The 
GDT may contain all descriptor types except interrupt and trap 
descriptors. The LDT may contain only segment, task gate, 
and call gate descriptors. A segment cannot be accessed by a 
task if its segment descriptor does not exist in either descriptor 
table at the time of access. 


7”, MEMORY x, 


CURRENT 
LOT 


~~ 
OF003730 


Figure 21. Local and Global Descriptor 
Table Definition 


The LGDT and LLDT instructions load the base and limit of the 
global and local descriptor tables. LGDT and LLDT are 
protected. They may only be executed by trusted programs 
operating at level 0. The LGDT instruction loads a six byte field 
containing the 16-bit table limit and 24-bit base address of the 
Global Descriptor Table as shown in Figure 22. The LLDT 
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instruction loads a selector which refers to a descriptor in the 
Local Descriptor Table. This descriptor contains the base 
address and limit for an LDT, as shown in Figure 17. 

07 


7 i] 





LIMIT} 5-0 


0 
TBOO0090 


Figure 22. Global Descriptor Table and Inter- 
rupt Descriptor Data Type 





*Must be set to 0 for compatibility with iAPX 386. 
Interrupt Descriptor Table 


The protected mode 80286 has a third descriptor table, called 
the Interrupt Descriptor Table (IDT) (see Figure 23), used to 
define up to 256 interrupts. It may contain only task gates, 
interrupt gates and trap gates. The IDT (Interrupt Descriptor 
Table) has a 24-bit base and 16-bit limit register in the CPU. 
The protected LIDT instruction loads these registers with a 
six-byte value of identical form to that of the LGDT instruction 
(see Figure 22 and Protected Mode Initialization). 
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Figure 23. Interrupt Descriptor Table 
Definition 


References to IDT entries are made via INT instructions, 
external interrupt vectors, or exceptions. The IDT must be at 
least 256 bytes in size to allocate space for all reserved 
interrupts. 
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Privilege 


The 80286 has a four-level hierarchical privilege system which 
controls the use of privileged instructions and access to 
descriptors (and their associated segments) within a task. 
Four-level privilege, as shown in Figure 24, is an extension of 
the user/supervisor mode commonly found in minicomputers. 
The privilege levels are numbered 0 through 3. Level 0 is the 
most privileged level. Privilege levels provide protection within 
a task. (Tasks are isolated by providing private LDT's for each 
task.) Operating system routines, interrupt handlers, and other 
system software can be included and protected within the 
virtual address space of each task using the four levels of 
privilege. Tasks may also have a separate stack for each 
privilege level. : 


Tasks, descriptors, and selectors have a privilege level 
attribute that determines whether the descriptor may be used. 
Task privilege effects the use of instructions and descriptors. 
Descriptor and selector privilege only effect access to the 
descriptor. 


APPLICATIONS 
CPU 
ENFORCED 
SOFTWARE 


INTERFACES OS EXTENSIONS 


HIGH SPEED 
OPERATING 
SYSTEM 
INTERFACE 


AF003230 


Figure 24. Hierarchical Privilege Levels 


Task Privilege 


The task always executes at one of the four privilege levels. A 
task privilege level at any specific instant is called the Current 
Privilege Level (CPL) and is defined by the lower two bits of 
the CS register. CPL cannot change during execution in a 
single code segment. A task's CPL may only be changed by 
control transfers through gate descriptors to a new code 
segment (See Control Transfer). Tasks begin executing at the 
CPL value specified by the code segment when the task is 
initiated via a task switch operation. A task executing at Level 
0 can access all data segments defined in the GDT and the 
task's LDT and is considered the most trusted level. A task 
executed at Level 3 has the most restricted access to data 
and is considered the least trusted level. 


Descriptor Privilege 


Descriptor privilege is specified by the Descriptor Privilege 
Level (DPL) field of the descriptor access byte. DPL specifies 
the least trusted privilege level (CPL) at which a task may 
access the descriptor. Descriptors with DPL = 0 are the most 
protected. Only tasks executing at privilege level 0 (CPL = 0) 
may access them. Descriptors with DPL=3 are the least 
protected (i.e. have the least restricted access) since tasks 
can access them when CPL = 0, 1, 2, or 3. This rule applies to 
all descriptors, except LDT descriptors. 
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Selector Privilege 


Selector privilege is specified by the Requested Privilege 
Level (RPL) field in the least significant two bits of a selector. 
Selector RPL may establish a less trusted privilege level than 
the current privilege level for the use of a selector. This level is 
called the task's effective privilege level (EPL). RPL can only 
reduce the scope of a task's access to data with this selector. 
A task's effective privilege is the numeric maximum of RPL 
and CPL. A selector with RPL=0 imposes no additional 
restriction on its use while a selector with RPL = 3 can only 
refer to segments at privilege Level 3 regardless of the task's 
CPL. RPL is generally used to verify that pointer parameters 
passed to a more trusted procedure are not allowed to use 
data at a more privileged level than the caller (refer to pointer 
testing instructions). 


Descriptor Access and Privilege Validation 


Determining the ability of a task to access a segment involves 
the type of segment to be accessed, the instruction used, the 
type of descriptor used and CPL, RPL, and DPL. The two basic 
types of segment accesses are control transfer (selectors 
loaded into CS) and data (selectors loaded into DS, ES or SS). 


Data Segment Access 


Instructions that load selectors into DS and ES must refer to a 
data segment descriptor or readable code segment descriptor. 
The CPL of the task and the RPL of the selector must be the 
same as or more privileged (numerically equal to or lower 
than) than the descriptor DPL. In general, a task can only 
access data segments at the same or less privileged levels 
than the CPL or RPL (whichever is numerically higher) to 
prevent a program from accessing data it cannot be trusted to 
use. 


An exception to the rule is a readable conforming code 
segment. This type of code segment can be read from any 
privilege level. 


If the privilege checks fail (e.g. DPL is numerically less than 
the maximum of CPL and RPL) or an incorrect type of 
descriptor is referenced (e.g. gate descriptor or execute only 
code segment), exception 13 occurs. If the segment is not 
present, exception 11 is generated. 


Instructions that load selectors into SS must refer to data 
segment descriptors for writable data segments. The descrip- 
tor privilege (DPL) and RPL must equal CPL. All other 
descriptor types or privilege level violation will cause exception 
13. A not present fault causes exception 12. 


Control Transfer 


Four types of control transfer can occur when a selector is 
loaded into CS by a control transfer operation (see Table 10). 
Each transfer type can only occur if the operation which 
loaded the selector references the correct descriptor type. 
Any violation of these descriptor usage rules (e.g. JMP 
through a call gate or RET to a Task State Segment) will 
cause exception 13. 


The ability to reference a descriptor for control transfer is also 
subject to rules of privilege. A CALL or JUMP instruction may 
only reference a code segment descriptor with DPL equal to 
the task CPL or a conforming segment with DPL of equal or 
greater privilege than CPL. The RPL of the selector used to 
reference the code descriptor must have as much privilege as 
CPL. 


RET and IRET instructions may only reference code segment 
descriptors with descriptor privilege equal to or less privileged 
than the task CPL. The selector loaded into CS is the return 
address from the stack. After the return, the selector RPL is 





the task's new CPL. If CPL changes, the old stack pointer is 
popped after the return address. 


When a JMP or CALL references a Task State Segment 
descriptor, the descriptor DPL must be the same or less 
privileged than the task's CPL. Reference to a valid Task State 
Segment descriptor causes a task switch (see Task Switch 
Operation). Reference to a Task State Segment descriptor at 
a more privileged level than the task's CPL generates excep- 
tion 13. 


When an instruction or interrupt references a gate descriptor, 
the gate DPL must have the same or less privilege than the 
task CPL. If DPL is at a more privileged level than CPL, 
exception 13 occurs. If the destination selector contained in 
the gate references a code segment descriptor, the code 
segment descriptor DPL must be the same or more privileged 
than the task CPL. If not, Exception 13 is issued. After the 
control transfer, the code segment descriptor DPL is the task's 
new CPL. If the destination selector in the gate references a 


task state segment, a task switch is automatically performed 
(see Task Switch Operation). 


The privilege rules on control transfer require: 


~ JMP or CALL direct to a code segment (code segment 
descriptor) can only be to a conforming segment with DPL of 
equal or greater privilege than CPL or a non-conforming 
segment at the same privilege level. 


- interrupts within the task or calls that may change privilege 
levels can only transfer control through a gate at the same ora 
less privileged level than CPL to a code segment at the same 
or more privileged level than CPL. 


— return instructions that don't switch tasks can only return 
contro! to a code segment at the same or less privileged level. 


— task switch can be performed by a call, a jump or an interrupt 
which references either a task gate or task state segment at 
the same or less privileged level. 
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Table 9. Descriptor Types Used for Control Transfer 


Descriptor’. Descriptor 
Control Transfer Types Operation Types Riaterancod Table 
Intersegment within the same privilege level JMP, CALL, RET, Code Segment GDT/LDT 
IRET* 


Intersegment to the same or higher privilege level Interrupt CALL Call Gate GDT/LDT 


within task may change CPL. Interrupt Instruction, Trap or 


Exception, External Interrupt 
Interrupt Gate 


Intersegment to a lower privilege level (changes task CPL) RET, IRET* Code Segment GDOT/LDT 


CALL, JMP Task State GDT 
Segment 





CALL, IMP SDT/LBT 


Task Switch 


..NT (Nested Task bit of flag word) = 0 
NT (Nested Task bit of flag word) = 1 


Privilege Level Changes 


Any contro! transfer that changes CPL within the task causes 
a change of stacks as part of the operation. Initial values of 
SS:SP for privilege levels 0, 1, and 2 are kept in the task state 
segment (refer to Task Switch Operation). During a JMP or 
CALL control transfer, the new stack pointer is loaded into the 
SS and SP registers and the previous stack pointer is pushed 
onto the new stack. 


When returning to the original privilege level, its stack is 
restored as part of the RET or iRET instruction operation. For 
subroutine calls that pass parameters on the stack and cross 
privilege levels, a fixed number of words, as specified in the 
gate, are copied from the previous stack to the current stack. 
The intersegment RET instruction with a stack adjustment 
value will correctly restore the previous stack pointer upon 
return. 


Protection 


The 80286 includes mechanisms to protect critical instructions 
that affect the CPU execution state (e.g. HLT) and code or 
data segments from improper usage. These mechanisms are 
grouped under the term "protection" and have three forms: 


Restricted usage of segments (e.g. no write allowed to read- 
only data segments). The only segments available for use 


IRET 
Interrupt Instruction, 


Exception, External 
Interrupt 





3-113 


are defined by descriptors in the Local Descriptor Table 
(LDT) and Global Descriptor Table (GDT). 


Restricted access to segments via the rules of privilege and 
descriptor usage. 


Privileged instructions or operations that may only be 
executed at certain privilege levels as determined by the 
CPL and 1/O Privilege Level (IOPL). The IOPL is defined by 
bits 14 and 13 of the flag word. 


These checks are performed for all instructions and can be 
split into three categories: segment load checks (Table 10), 
operand reference checks (Table 11), and privileged instruc- 
tion checks (Table 12). Any violation of the rules shown will 
result in an exception. A not-present exception related to the 
stack segment causes exception 12. 


The IRET and POPF instructions do not perform some of their 
defined functions if CPL is not of sufficient privilege (numeri- 
cally small enough). Precisely these are: 


The IF bit is not changed if CPL > !OPL. 
The IOPL field of the flag word is not changed if 
CPL > 0. 


No exceptions or other indication are given when these 
conditions occur. 
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Table 10. Segment Register Load Checks 


Exception 
Error Description 


Descriptor table limit exceeded tig: So 
Segment descriptor not-present Es 
Privilege rules violated 


Invalid descriptor/segment type segment 
register load: 
—Read only data segment load to SS 
—Specia!l control descriptor load to DS, 
ES, SS 
—Execute only segment load to DS, ES, 
Ss 


—Data segment load to CS 
—Read/Execute code segment load to 
ss 


Table 11. Operand Reference Checks 


Exception 
Error Description 


Write into code segment = — 


Read from execute-only code segment 
Write to read-only data segment ——__ 
Segment limit exceeded | i20r13 


Note 1: Carry out in offset calculations is ignored. 





Table 12. Privileged Instruction Checks 


Exception 
CPL #0 when executing the following 


instructions: 

LIDT, LLDT, LGDT, LTR, LMSW, CTS, 

HLT 
CPL >IOPL when executing the following 
instructions: 

INS, IN, OUTS, OUT, STI, CLI, LOCK 
The 80286 detects several types of exceptions and interrupts 
in protected mode (see Table 13). Most are restartable after 
the exceptional condition is removed. Interrupt handlers for 
most exceptions receive an error code, pushed on the stack 
after the return address, that identifies the selector involved (0 
if none). The return address normally points to the failing 
instruction, including all leading prefixes. For a processor 
extension segment overrun exception, the return address will 
not point at the ESC instruction that caused the exception; 
however, the processor extension registers may contain the 
address of the failing instruction. 


Exceptions 


Table 13. Protected Mode Exceptions 


Interrupt 
Vector 


Double exception detected 

Processor extension segment overrun 
Invalid task state segment 

Segment not present 


Stack segment overrun or segment not present 


General protection 


Return 
Address 
At Falling 
Instruction? 


Error 
Code 
on Stack? 


Always 
Restartable? 


Notes 1. When a PUSHA or POPA instruction attempts to wrap around the stack segment, the machine state after the exception will 


not be restartable because stack segment wrap around is not permitted. This condition is identified by the value of the saved 


SP being either 0000(H), 0001(H), FFFE(H), or FFFF(H). 


. These exceptions indicate a violation to privilege rules or usage rules has occurred. Restart is generally not attempted under 


those conditions. 


. All these checks are performed for all instructions and can be split into three categories: Segment Load Checks (Table 10), 
Operand Reference Checks (Table 11), and Privileged Instruction Checks (Table 12). Any violation of the rules shown will 
result in an exception. A not-present exception causes exception 11 or 12 and is restartable. 


Special Operations 


Task Switch Operation 


The 80286 provides a built-in task switch operation which 
saves the entire 80286 execution state (registers, address 
space, and a link to the previous task), loads a new execution 
state, and commences execution in the new task. Like gates, 
the task switch operation is invoked by executing an inter- 
segment JMP or CALL instruction which refers to a Task State 
Segment (TSS) or task gate descriptor in the GDT or LDT. An 
INT n instruction, exception, or external interrupt may also 
invoke the task switch operation by selecting a task gate 
descriptor in the associated IDT descriptor entry. 


The TSS descriptor points at a segment (see Figure 25) 
containing the entire 80286 execution state while a task gate 
descriptor contains a TSS selector. The limit field must 
be > 002B(H). 


Each task must have a TSS associated with it. The current 
TSS is identified by a special register in the 80286 called the 
Task Register (TR). This register contains a selector referring 


to the task state segment descriptor that defines the current 
TSS. A hidden base and limit register associated with TR are 
loaded whenever TR is loaded with a new selector. 


The IRET instruction is used to return control to the task that 
called the current task or was interrupted. Bit 14 in the flag 
register is called the Nested Task (NT) bit. It controls the 
function of the IRET instruction. If NT = O, the IRET instruc- 
tion performs the regular current task return; when NT = 1, 
IRET performs a task switch operation back to the previous 
task. 


When a CALL or INT instruction initiates a task switch, the old 
and new TSS will be marked busy and the back link field of the 
new TSS set to the old TSS selector. The NT bit of the new 
task is set by CALL or INT initiated task switches. An interrupt 
that does not cause a task switch will clear NT. NT may also 
be set or cleared by POPF or IRET instructions. 


The task state segment is marked busy by changing the 
descriptor type field from Type 1 to Type 3. Use of a selector 
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that references a busy task state segment causes Exception © 
13, 


Processor Extension Context Switching 


The context of a processor extension is not changed by the 
task switch operation. A processor extension context need 
only be changed when a different task attempts to use the 
processor extension (which still contains the context of a 
previous task). The 80286 detects the first use of a processor 
extension after a task switch by causing the processor 
extension not present exception (7). The interrupt handler may 
then decide whether a context change is necessary. 


Whenever the 80286 switches tasks, it sets the Task Switched 
(TS) bit of the MSW. TS indicates that a processor extension 
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Figure 25. Task State Segment and TSS Registers 


context may belong to a different task than the current one. 
The processor extension not present exception (7) will occur 
when attempting to execute an ESC or WAIT instruction if 
TS =1 and a processor extension is present (MP =1 in 


MSW). 
Pointer Testing Instructions 


The 80286 provides several instructions to speed pointer 
testing and consistency checks for maintaining system integri- 
ty (see Table 14). These instructions use the memory manage- 
ment hardware to verify that a selector value refers to an 
appropriate seqment without risking an exception. A condition 
flag indicates whether use of the selector or segment will 
cause an exception. 






AN AVAILABLE TASK STATE 
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THE DESTINATION OF A TASK 
SWITCH OPERATION. 
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Table 14. Pointer Test Instructions 


[instruction [Operands] Function 


ARPL 


VERR 
VERW 


Adjust Requested Privilege Level: 
adjusts the RPL of the selector to 
the numeric maximum of current 
selector RPL value and the RPL 
value in the register. Set zero flag 
if selector RPL was changed. 


VERify for Read: sets the zero 
flag if the segment referred to by 
the selector can be read. 


VERify for Write: sets the zero 
flag if the segment referred to by 
the selector can be written. 


Selector, 
Register 


Selector 


Selector 


Load Segment Limit: reads the 
segment limit into the register if 
privilege rules and descriptor type 
allow. Set zero flag if successful. 


Register, 
Selector 


Load Access Rights: reads the 
descriptor access rights byte into 
the register if privilege rules allow. 
Set zero flag if successful. 


Register, 
Selector 


‘Double Fault and Shutdown 


lf two separate exceptions are detected during a single 
instruction execution, the 80286 performs the double fault 
exception (8). If an exception occurs during processing of the 
double fault exception, the 80286 will enter shutdown. During 
shutdown no further instructions or exceptions are processed. 
Either NMI (CPU remains in protected mode) or RESET (CPU 
exits protected mode) can force the 80286 out of shutdown. 
Shutdown is externally signalled via a HALT bus operation with 
Az HIGH. 


Protected Mode Initialization 


The 80286 initially executes in real address mode after 
RESET. To allow initialization code to be placed at the top of 
physical memory, Ao3~-209 will be HIGH when the 80286 
performs memory references relative to the CS register, until 
CS is changed. A23 ~ 20 will be zero for references to the DS, 
ES, or SS segments. Changing CS in real address mode will 
force Az23 - Azo LOW whenever using CS thereafter. The initial 
CS:IP value of FFOO:FFFO provides 64K bytes of code space 
for initialization code without changing CS. 


Before placing the 80286 into protected mode, several regis- 
ters must be initialized. The GDT and IDT base registers must 
refer to a valid GDT and IDT. After executing the LMSW 
instruction to set PE, the 80286 must immediately execute an 
intrasegment JMP instruction to clear the instruction queue of 
instructions decoded in real address mode. 


To force the 80286 CPU registers to match the initial protected 
mode state assumed by software, execute a JMP instruction 
with a selector referring to the initial TSS used in the system. 
This will load the task register, local descriptor table register, 
segment registers and initial general register state. The TR 
should point at a valid TSS since a task switch operation 
involves saving the current task state. 


Multibus is a registered trademark of Intel Corporation. 
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System Interface 


The 80286 system interface appears in two forms: a local bus 
and a system bus. The local bus consists of address, data, 
status, and contro! signals at the pins of the CPU. A system 
bus is any buffered version of the local bus. A system bus may 
also differ from the local bus in terms of coding of status and 
control lines and/or timing and loading of signals. The 80286 
family includes several devices to generate standard system 
buses such as the IEEE 796 Standard Multibus’™, 


Bus Interface Signals and Timing 


The 80286 microsystem loca! bus interfaces the 80286 to 
local memory and |/O components. The interface has 24 
address lines, 16 data lines, and 8 status and control signals. 


The 80286 CPU, 82284 clock generator, 82C288 bus control- 
ler, 82289 bus arbiter, 8286/7 transceivers, and 8282/3 
latches provide a buffered and decoded system bus interface. 
The 82284 generates the system clock and synchronizes 
READY and RESET. The 82C288 converts bus operation 
status encoded by the 80286 into command and bus control 
signals. These components can provide the timing and electri- 
cal power drive levels required for most system bus interfaces 
including the multibus. 


Physical Memory and 1/O Interface 


A maximum of 16 megabytes of physical memory can be 
addressed in protected mode. One megabyte can be ad- 
dressed in real address mode, Memory is accessible as bytes 
or words. Words consist of any two consecutive bytes 
addressed with the least significant byte stored in the lowest 
address. 


Byte transfers occur on either half of the 16-bit local data bus. 
Even bytes are accessed over D7~9 while odd bytes are 
transferred over D4s5~g. Even-addressed words are trans- 
ferred over Dy5~9 in one bus cycle, while odd-addressed 
words require two bus operations. The first transfers data on 
D145~8, and the second transfers data on D7~_o. Both byte 
data transfers occur automatically, transparent to software. 


Two bus signals, Ag and BHE, control transfers over the lower 
and upper halves of the data bus. Even address byte transfers 
are indicated by Ag LOW and BHE HIGH. Odd address byte 
transfers are indicated by Ag HIGH and BHE LOW. Both Ao 
and BHE are LOW for even address word transfers. 


The I/O address space contains 64K addresses in both 
modes. The I/O space is accessible as either bytes or words, 
as is memory. Byte wide peripheral devices may be attached 
to either the upper or lower byte of the data bus. Byte-wide I/O 
devices attached to the upper data byte (Dy5~8) are ac- 
cessed with odd I/O addresses. Devices on the lower data 
byte are accessed with even I/O addresses. An interrupt 
controller such as the 8259A must be connected to the lower 
data byte (D7_9) for proper return of the interrupt vector. 


Bus Operation 


The 80286 uses a double frequency system clock (CLK input) 
to control bus timing. All signals on the local bus are measured 
relative to the system CLK input. The CPU divides the system 
clock by 2 to produce the internal processor clock, which 
determines bus state. Each processor clock is composed of 
two system clock cycles named phase 1 and phase 2. The 
82284 clock generator output (PCLK) identifies the next phase 
of the processor clock. (See Figure 26.) 
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Figure 26. System and Processor Clock Relationships 


Six types of bus operations are supported: memory read, 
memory write, I/O read, I/O write, interrupt acknowledge, and 
halt/shutdown. Data can be transferred at a maximum rate of 
one word per two processor clock cycles. 


The 80286 bus has three basic states: idle (Tj), send status 
(Ts), and perform command (T¢). The 80286 CPU also has a 
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HUDBA e NEW CYCLE 


fourth local bus state called hold (Tp). Tp indicates that the 
80286 has surrendered control of the local bus to another bus 
master in response to a HOLD request. 


Each bus state is one processor clock long. Figure 27 shows 
the four 80286 local bus states and allowed transitions. 


READY @ NEW CYCLE 
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Figure 27. 80286 Bus States 


Bus States 


The idle (Tj) state indicates that no data transfers are in 
progress or requested. The first active state, Ts, is signalled by 
either status line S1 or SO going LOW also identifying phase 1 
of the processor clock. During Ts, the command encoding, the 
address, and data (for a write operation) are available on the 
80286 output pins. The 82C288 bus controller decodes the 
status signals and generates Multibus compatible read/write 
command and local transceiver control signals. 


After Ts, the perform command (Tc) state is entered. Memory 
or I/O devices respond to the bus operation during Tg, either 
transferring read data to the CPU or accepting write data. T, 
states may be repeated as often as necessary to assure 
sufficient time for the memory or !/O device to respond. The 
READY signal determines whether T, is repeated. A repeated 
Te state is called a wait state. 


During hold (Tp), the 80286 will float all address, data, and 
status output pins, enabling another bus master to use the 
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local bus. The 80286 HOLD input signal is used to place the 
80286 into the Th state. The 80286 HLDA output signal 
indicates that the CPU has entered Tp. 


Pipelined Addressing 


The 80286 uses a local bus interface with pipelined timing to 
allow as much time as possible for data access. Pipelined 
timing allows bus operations to be performed in two processor 
cycles, while allowing each individual bus operation to last for 
three processor cycles. 


The timing of the address outputs is pipelined such that the 
address of the next bus operation becomes available during 
the current bus operation. Or in other words, the first clock of 
the next bus operation is overlapped with the last clock of the 
current bus operation. Therefore, address decode and routing 
logic can operate in advance of the next bus operation. 
External address latches may hold the address stable for the 
entire bus operation and provide additional AC and DC 
buffering. 
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Pipelining: valid address (N + 1) available in last phase of bus cycle (N). 


Figure 28. Basic Bus Cycle 


The 80286 does not maintain the address of the current bus 
operation during all T, states. Instead, the address for the next 
bus operation may be emitted during phase 2 of any Tg. The 
address remains valid during phase 1 of the first Te to 
guarantee hold time, relative to ALE, for the address latch 
inputs. 


Bus Control Signals 


The 82C288 bus controller provides control signals: address 
latch enable (ALE), Read/Write commands, data transmit/ 
receive (DT/R), and data enable (DEN) that control the 
address latches, data transceivers, write enable, and output 
enable for memory and I/O systems. 


The Address Latch Enable (ALE) output determines when the 
address may be latched. ALE provides at least one system 
CLK period of address hold time from the end of the previous 
bus operation until the address for the next bus operation 
appears at the latch outputs. This address hold time is 
required to support Multibus® and common memory systems. 


The data bus transceivers are controlled by 82C288 outputs 
Data Enable (DEN) and Data Transmit/Receive (DT/R). DEN 
enables the data transceivers while DT/R controls transceiver 
direction. DEN and DT/R are timed to prevent bus contention 
between the bus master, data bus transceivers, and system 
data bus transceivers. 
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Command Timing Controls 


Two system timing customization options, command exten- 
sion and command delay, are provided on the 80286 local 
bus. 


Command extension allows additional time for external de- 
vices to respond to a command and is analogous to inserting 
wait states on the 8086. External logic can control the duration 
of any bus operation such that the operation is only as long as 
necessary. The READY input signal can extend any bus 
operation for as long as necessary. . 


Command delay allows an increase of address or write data 
set-up time to system bus command active for any bus 
operation by delaying when the system bus command be- 
comes active. Command delay is controlled by the 820288 
CMDLY input. After Ts, the bus controller samples CMDLY at 
each failing edge of CLK. If CMDLY is HIGH, the 82C288 will 
not activate the command signal. When CMDLY is LOW, the 
82C288 will activate the command signal. After the command 
becomes active, the CMDLY input is not sampled. 


When a command is delayed, the available response time 
from command active to return read data or accept write data 
is less. To customize system bus timing, an address decoder 
can determine which bus operations require delaying the 
command. The CMDLY input does not affect the timing of 
ALE, DEN, or DT/R. 
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Figure 29. CMDLY Controls and Leading Edge of the Command 


Figure 29 illustrates four uses of CMDLY. Example 1 shows 
delaying the read command two system CLKs for cycle N-1 
and no delay for cycle N, and example 2 shows delaying the 
read command one system CLK for cycle N-1 and one system 
CLK delay for cycle N. 


Bus Cycle Termination 


At maximum transfer rates, the 80286 bus alternates between 
the status and command states. The bus status signals 
become inactive after T, so that they may correctly signal the 
start of the next bus operation after the completion of the 
current cycle. No external indication of Tg exists on the 80286 
local bus. The bus master and bus controller enter Tg directly 
after Ts and continue executing T¢ cycles until terminated by 
READY. 


READY Operation 


The current bus master and 82C288 bus controller terminate 
each bus operation simultaneously to achieve maximum bus 
bandwidth. Both are informed in advance by READY active 
which identifies the last T, cycle of the current bus operation. 
The bus master and bus controller must see the same sense 
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of the READY signal, thereby requiring READY be synchro- 
nous to the system clock. 


Synchronous Ready 


The 82284 clock generator provides READY synchronization 
from both synchronous and asynchronous sources (see Fig- 
ure 30). The synchronous ready input (SRDY) of the clock 
generator is sampled with the falling edge of CLK at the end of 
phase 1 of each Tg. The state of SRDY is then broadcast to 
the bus master and bus controller via the READY output line. 


Asynchronous Ready 


Many systems have devices or subsystems that are asynchro- 
nous to the system clock. As a result, their ready outputs 
cannot be guaranteed to meet the 82284 SRDY set-up and 
hold time requirements. The 82284 asynchronous ready input 
(ARDY) is designed to accept such signals. The ARDY input is 
sampled at the beginning of each Tg cycle by 82284 synchro- 
nization logic. This provides a system CLK cycle time to 
resolve its value before broadcasting it to the bus master and 
bus controller. 


ARDY or ARDYEN must be HIGH at the end of Ts. ARDY 
cannot be used to terminate bus cycle with no wait status. 
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Figure 30. Synchronous and Asynchronous Ready 


Notes: 1. SADYEN is active LOW. 


2. If SRDYEN is HIGH, the state of SRDY will not effect READY. 


3. ARDYEN is active LOW. 


Each ready input of the 82284 has an enable pin (SRDYEN 
and ARDYEN) to select whether the current bus operation will 
be terminated by the synchronous or asynchronous ready. 
Either of the ready inputs may terminate a bus operation. 
These enable inputs are active low and have the same timing 
as their respective ready inputs. Address decode logic usually 
selects whether the current bus operation should be terminat- 
ed by ARDY or SRDY. 


Data Bus Control 


Figures 31, 32, and 33 show how the DT/R, DEN, data bus, 
and address signals operate for different combinations of 
read, write, and idle bus operations. DT/R goes active (LOW) 
for a read operation. DT/R remains HIGH before, during, and 
between write operations. 


The data bus is driven with write data during the second phase 
of Ts. The delay in write data timing allows the read data 


drivers, from a previous read cycle, sufficient time to enter 
three-state OFF before the 80286 CPU begins driving the local 
data bus for write operations. Write data will always remain 
valid for one system clock past the last T, to provide sufficient 
hold time for Multibus or other similar memory or I/O systems. 
During write-read or write-idile sequences the data bus enters 
three-state OFF during the second phase of the processor 
cycle after the last Tc. In a write-write sequence the data bus 
does not enter three-state OFF between Te and Ts. 


Bus Usage 


The 80286 local bus may be used for several functions: 
instruction data transfers, data transfers by other bus masters, 
instruction fetching, processor extension data transfers, inter- 
rupt acknowledge, and halt/shutdown. This section describes 
local bus activities which have special signals or requirements. 
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Figure 31. Back-to-Back Read-Write Cycles 
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Figure 32. Back-to-Back Write-Read Cycles 
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Figure 33. Back-to-Back Write-Write Cycles 


HOLD and HLDA 


HOLD and HLDA allow another bus master to gain control of 
the local bus by placing the 80286 bus into the Tp state. The 
sequence of events required to pass control between the 
80286 and another local bus master are shown in Figure 34. 


In this example, the 80286 is initially in the Tp, state as 
signaled by HLDA being active. Upon leaving Tp, as signaled 
by HLDA going inactive, a write operation is started. During the 
write operation another local bus master requests the local 
bus from the 80286 as shown by the HOLD signal. After 
completing the write operation, the 80286 performs one Tj bus 
cycle, to guarantee write data hold time, then enters Tp as 
signaled by HLDA going active. 


The CMDLY signal and ARDY ready are used to start and stop 
the write bus command, respectively. Note that SRDY must be 
inactive or disabled by SRDYEN to guarantee ARDY will 
terminate the cycle. 


HOLD must not be active during the time from the leading 
edge of RESET until 34 CLKs following the trailing edge of 
RESET unless the 80286 is in the Halt condition. To ensure 
that the 80286 remains in the Halt condition until the proces- 
sor Reset operation is complete, no interrupts should occur 
after the execution of HLT until 34 CLKs after the trailing edge 
of the RESET pulse. 


Lock 


The CPU asserts an active lock signal during Interrupt- 
Acknowledge cycles, the XCHG instruction, and during some 
descriptor accesses. Lock is also asserted when the LOCK 
prefix is used. The LOCK prefix may be used with the following 
ASM-286 assembly instructions; MOVS, INS, and OUTS. For 
bus cycles other than Interrupt-Acknowledge cycles, Lock will 
be active for the first and subsequent cycles of a series of 
cycles to be locked. Lock will not be shown active during the 
last cycle to be locked. For the next-to-last cycle, Lock will 
become inactive at the end of the first Tc regardless of the 


number of wait-states inserted. For Interrupt-Acknowledge 


‘cycles, Lock will be active for each cycle, and will become 
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inactive at the end of the first Tc for each cycle regardless of 
the number of wait-states inserted. 


Instruction Fetching 


The 80286 Bus Unit (BU) will fetch instructions ahead of the 
current instruction being executed. This activity is called 
prefetching. It occurs when the local bus would otherwise be 
idle and obeys the following rules: 


A prefetch bus operation starts when at least two bytes of the 
6-byte prefetch queue are empty. 


The prefetcher normally performs word prefetches indepen- 
dent of the byte alignment of the code segment base in 
physical memory. 


The prefetcher will perform only a byte code fetch operation 
for contro! transfers to an instruction beginning on a numeri- 
cally odd physical address. 


Prefetching stops whenever a control transfer or HLT instruc- 
tion is decoded by the IU and placed into the instruction 
queue. 


In real address mode, the prefetcher may fetch up to 5 bytes 
beyond the last control transfer or HLT instruction in a code 
segment. 


In protected mode, the prefetcher will never cause a segment 
overrun exception. The prefetcher stops at the last physical 
memory word of the code segment. Exception 13 will occur if 
the program attempts to execute beyond the last full instruc- 
tion in the code segment. 


If the last byte of a code segment appears on an even physical 
memory address, the prefetcher will read the next physical 
byte of memory (perform a word code fetch). The value of this 
byte is ignored and any attempt to execute it causes exception 
13. 
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Figure 34. Multibus Write Terminated by Asynchronous Ready with Bus Hold 


Notes: 1. Status lines are not driven by 80286, yet remain high due to pull-up resistors in 82C288 and 82289 during 
HOLD state. 


2. Address, M/IO and COD/INTA may start floating during any TC depending on when internal 80286 bus arbiter 
decides to release bus to external HOLD. The float starts in ¢2 of TC. 


. BHE and LOCK may start floating after the end of any TC depending on when internal 80286 bus arbiter 
decides to release bus to external HOLD. 


. The minimum HOLD | to HLDA | time is shown. Max.imum is one Ty longer. 
. The earliest HOLD + time is shown which will always allow a subsequent memory cycle if pending. 


. The minimum HOLD 1 to HLDA 1 time is shown. Max.imum is a function of the instruction, type of bus cycle 
and other machine status (i.e., Interrupts, Waits, Lock, etc.) 


. Asynchronous ready allows termination of the cycle. Synchronous ready does not signal ready in this example. 
Synchronous ready state is ignored after ready is signaled via the asynchronous input. 
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Processor Extension Transfers 


The processor extension interface uses I/O port addresses 
0OF8(H), OOFA(H), and OOFC(H) which are part of the I/O port 
address range and is a reserved area. An ESC instruction with 
EM = 0 and TS = O will perform I/O bus operations to one or 
more of these I/O port addresses independent of the value of 
IOPL and CPL. 


ESC instructions with memory references enable the CPU to 
accept PEREQ inputs for processor extension operand trans- 
fers, The CPU will determine the operand starting address and 
read/write status of the instruction. For each operand transfer, 
two or three bus operations, one word transfer with I/O port 
address OOFA(H), and one or two bus operations with memory 
are performed. Three bus operations are required for each 
word operand aligned on an odd byte address. 


Interrupt Acknowledge Sequence 


Figure 35 illustrates an interrupt acknowledge sequence 
performed by the 80286 in response to an !JNTR input. An 
interrupt acknowledge sequence consists of two INTA bus 
operations. The first allows a master 8259A Programmable 
Interrupt Controller (PIC) to determine which if any of its slaves 
should return the interrupt vector. An eight bit vector is read by 
the 80286 during the second INTA bus operation to select an 
interrupt handler routine from the interrupt table. 


The Master Cascade Enable (MCE) signal of the 82C288 is 
used to enable the cascade address drivers, during INTA bus 
operations (see Figure 35), onto the local address bus for 
distribution to slave interrupt controllers via the system ad- 
dress bus. The 80286 emits the LOCK signal (active LOW) 
during Ts of the first INTA bus operation. A local bus "hold" 
request will not be honored until the end of the second INTA 
bus operation. 


Three idle processor clocks are provided by the 80286 
between INTA bus operations to allow for the minimum INTA 
to INTA time and CAS (cascade address) out delay of the 
8259A. The second INTA bus operation must always have at 
least one extra T, state added via logic controlling READY. 
Agog —- Ao are in three-state OFF until after the first T, state of 
the second INTA bus operation. This prevents bus contention 
between the cascade address drivers and CPU address 


drivers. The extra Tg state allows time for the 80286 to resume 
driving the address lines for subsequent bus operations. 


Loca! Bus Usage Priorities 


The 80286 local bus is shared among several internal units 
and external HOLD requests. In case of simultaneous re- 
quests, their relative priorities are: 


(Highest) Any transfers which assert LOCK either 
explicitly (via the LOCK instruction prefix) or 
implicitly (i.e., segment descriptor access, 
interrupt acknowledge sequence, or an 
XCHG with memory). 


The second of the two byte bus operations 
required for an odd aligned word operand. 


Local bus request via HOLD input. 


Processor extension data operand transfer 
via PEREQ input. 


Data transfer performed by EU as part of an 
instruction. 


An instruction prefetch request from BU. The 
EU will inhibit prefetching two processor 
clocks in advance of any data transfers to 
minimize waiting by EU for a prefetch to fin- 
ish. 


(Lowest) 


Halt or Shutdown Cycles 


The 80286 externally indicates halt or shutdown conditions as 
a bus operation. These conditions occur due to a HLT 
instruction or multiple protection exceptions while attempting 
to execute one instruction. A halt or shutdown bus operation is 
signalled when S1, SO and COD/INTA are LOW and W/O is 
HIGH. A; HIGH indicates halt, and A; LOW indicates shut- 
down. The 82C288 bus controller does not issue ALE, nor is 


READY required to terminate a halt or shutdown bus opera- 
tion. 


During halt or shutdown, the 80286 may service PEREQ or 
HOLD requests. A processor extension segment overrun 
exception during shutdown will inhibit further service of PER- 
EQ. Either NMI or RESET will force the 80286 out of either halt 
or shutdown. An INTR, if interrupts are enabled, or a proces- 
sor extension segment overrun exception will also force the 
80286 out of halt. 
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Figure 35. Interrupt Acknowledge Sequence 


Notes: 1. Data is ignored. 
2. First INTA cycle should have at least one wait state inserted to meet 8259A minimum INTA pulse width. 


3. Second INTA cycle must have at least one wait state inserted since the CPU will not drive Ao3-Ao, BHE, and 
LOCK until after the first TC state. 


The CPU imposed one/clock delay prevents bus contention between cascade address buffer being disabled by 
MCE | and address outputs. 


Without the wait state, the 80286 address will not be valid for a memory cycle started immediately after the 
second INTA cycle. The 8259A also requires one wait state for minimum INTA pulse width. 


. LOCK is active for the first INTA cycle to prevent the 82289 from releasing the bus between INTA cycles in a 
multi-master system. 


. Ao3—Ao exits three-state OFF during ¢2 of the second Tz in the INTA cycle. 
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Figure 36. Basic 80286 System Configuration 


System Configurations 


The versatile bus structure of the 80286 microsystem, with a 
full complement of support chips, allows flexible configuration 
of a wide range of systems. The basic configuration, shown in 
Figure 36, is similar to an iAPX 86 maximum mode system. It 
includes the CPU plus an 8259A interrupt controller, 82284 
clock generator, and the 82C288 Bus Controller. The iAPX 86 
latches (29843 and 29845) and transceivers (29833 and 
29863) may be used in an 80286 microsystem. 


As indicated by the dashed lines in Figure 36, the ability to add 
processor extensions is an integral feature of 80286 microsys- 
tems. The processor extension interface allows external 
hardware to perform special functions and transfer data 
concurrent with CPU execution of other instructions. Full 
system integrity is maintained because the 80286 supervises 
all data transfers and instruction execution for the processor 
extension. 


The 80286 with the 80287 numeric processor extension (NPX) 
uses this interface. The iAPX 286/287 has all the instructions 
and data types of an iAPX 86/87 or iAPX 88/87. The 80287 
NPX can perform numeric calculations and data transfers 
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concurrently with CPU program execution. Numerics code and 
data have the same integrity as all other information protected 
by the 80286 protection mechanism. 


The 80286 can overlap chip select decoding and address 
propagation during the data transfer for the previous bus 
operation. This information is latched into the 29843/45's by 
ALE during the middle of a Ts cycle. The latched chip select 
and address information remains stable during the bus opera- 
tion while the next cycle’s address is being decoded and 
propagated into the system. Decode logic can be imple- 
mented with a high-speed bipolar PROM. 


The optional decode logic shown in Figure 36 takes advan- 
tage of the overlap between address and data of the 80286 
bus cycle to generate advanced memory and I/O-select 
signals. This minimizes system performance degradation 
caused by address propagation and decode delays. In addi- 
tion to selecting memory and I/O, the advanced selects may 
be used with configurations supporting local and system buses 
to enable the appropriate bus interface for each bus cycle. 
The COD/INTA and M/IO signals are applied to the decode 
logic to distinguish between interrupt, 1/O, code and data bus 
cycles. 
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Figure 37. Muitibus System Bus Interface 


By adding the 82289 bus arbiter chip, the 80286 provides a 
Multibus system bus interface as shown in Figure 37. The ALE 
output of the 82C288 for the Multibus bus is connected to its 
CMDLY input to delay the start of commands one system CLK 
as required to meet Multibus address and write data set-up 
times. This arrangement will add at least one extra Te state to 





each bus operation which uses the Multibus. 


A second 82C288 bus controller and additional latches and 
transceivers could be added to the local bus of Figure 37. This 
configuration allows the 80286 to support an on-board bus for 
local memory and peripherals and the Multibus for system bus 


interfacing. 
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Figure 38. 80286 Interface with the Am2968 Dynamic Memory Controller 


Figure 38 shows the interface of the 80286 with the Am2968 the proper signals to the dynamic memory controller and 
Dynamic Memory Controller. The interface is a timing control- memory. The design described is a simple, cost-effective 
ler which consists of some control logic and a delay fine. The solution to interfacing the 80286 with the Am2968. A further 
timing controller runs asynchronously to the CPU. It arbitrates description about DRAM selection based on processor speed 
between memory requests and refresh requests by generating may be found in the Am2968 Application Note. 


Table 15. 80286 Systems Recommended Pull-up Resistor Values 


4—S7 ‘ 
5—S0 20KNL 10% Pull SO, S1, and PEACK inactive during 80286 hold periods. 
6— PEACK 


53 — ERROR 20KNt 10% Pull ERROR and BUSY inactive when 80287 not present (or temporarily 
7 removed from socket). 


54 — BUSY 
63 — READY 9102245% Pull READY inactive within required minimum time (CL = 150pF, IR <7mA). 


Two-operand instructions (e.g. MOV and ADD) are usually provided by a special class of string instructions requiring one 
three to six bytes long. Memory-to-memory operations are to three bytes. 
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REGISTER OPERAND/REGISTERS TO USE IN OFFSET CALCULATION 


REGISTER OPERANO/EXTENSION OF OPCODE 
REGISTER MODE/MEMORY MODE WITH DISPLACEMENT LENGTH 


WORD/BYTE OPERATION 
OIRECTION IS TO REGISTER/DIRECTION IS FROM REGISTER 


OPERATION (INSTRUCTION) CODE 


A. SHORT OPCODE FORMAT EXAMPLE 


BYTE1 BYTE 2 


BYTE 3 


DF003760 


7684321076685 4321076 5S 43210 


‘ LONG OPCODE 





B. LONG OPCODE FORMAT EXAMPLE 


DF003770 


Figure 39. 80286 Instruction Format Examples 


80286 INSTRUCTION SET SUMMARY 
Instruction Timing Notes 


The instruction clock counts listed below establish the maxi- 
mum execution rate of the 80286. With no delays in bus 
cycles, the actual clock count of an 80286 program will 
average 5% more than the calculated clock count, due to 
instruction sequences which execute faster than they can be 
fetched from memory. 


To calculate elapsed times for instruction sequences, multiply 
the sum of ail instruction clock counts, as listed in the table 
below, by the processor clock period. An 8 MHz processor 
clock has a clock period of 125 nanoseconds and requires an 
80286 system clock (CLK input) of 16 MHz. 


Instruction Clock Count Assumptions 


1. The instruction has been prefetched, decoded, and is ready 
for execution. Control transfer instruction clock counts 
include all time required to fetch, decode, and prepare the 
next instruction for execution. 


2. Bus cycles do not require wait states. 


3. There are no processor extension data transfer or local bus 
HOLD requests. 


4. No exceptions occur during instruction execution. 
Instruction Set Summary Notes 


Addressing displacements selected by the MOD field are not 
shown. If necessary they appear after the instruction fields 
shown. 


Above/below refers to unsigned value 
Greater refers to positive signed value 
Less refers to less positive (more negative) signed values 
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if d=1 then to register; if d=0 then from register 


if w= 1 then word instruction; if w=0 then byte instruc- 
tion 


if s=0 then 16-bit immediate data to form the operand 


if s=1 then an immediate data byte is sign-extended to 
form the 16-bit operand 


x = don't care 
z= used for string primitives for comparison with ZF FLAG 


If two clock counts are given, the smaller refers to a register 
operand and the larger refers to a memory operand. 


* = add one clock if offset calculation requires summing 3 
elements 


n=number of times repeated 
m=number of bytes of code in next instruction 
Level (L)—Lexical nesting level of the procedure 


The following comments describe possible exceptions, side 
effects, and allowed usage for instructions in both operating 
modes of the 80286. 


Real Address Mode Only 


1. This is a protected mode instruction. Attempted execution in 
real address mode will result in an undefined opcode 
exception (6). 


2.A segment overrun exception (13) will occur if a word 
operand reference at offset FFFF(H) is attempted. 


3. This instruction may be executed in real address mode to 
initialize the CPU for protected mode. 


4.The IOPL and NT fields will remain 0. 


5. Processor extension segment overrun interrupt (9) will 
occur if the operand exceeds the segment limit. 


Either Mode 


6. An exception may occur, depending on the value of the 
operand. 
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7. LOCK is automatically asserted regardless of the presence 
or absence of the LOCK instruction prefix. 


8. LOCK does not remain active between all operand trans- 
fers. 


Protected Virtual Address Mode Only 


9, A general protection exception (13) will occur if the memory 
operand cannot be used due to either a segment limit or 
access rights violation. If a stack segment limit is violated, a 
stack segment overrun exception (12) occurs. 


10. For segment load operations, the CPL, RPL, and DPL must 
agree with privilege rules to avoid an exception. The 
segment must be present to avoid a not-present exception 
(11). If the SS register is the destination, and a segment 
not-present violation occurs, a stack exception (12) oc- 
curs. 


= 
—s 


. All segment descriptor accesses in the GDT or LDT made 
by this instruction will automatically assert LOCK to 
maintain descriptor integrity in multiprocessor systems. 


12. JMP, CALL, INT, RET, IRET instructions referring to 
another code segment will cause a general protection 
exception (13) if any privilege rule is violated. 
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13. A general protection exception (13) occurs if CPL #0. 
14. A general protection exception (13) occurs if CPL > IOPL. 


15. The IF field of the flag word is not updated if CPL > IOPL. 
The IOPL field is updated only if CPL = 0. 


16. Any violation of privilege rules as applied to the selector 
operand do not cause a protection exception; rather, the 
instruction does not return a result and the zero flag is 
cleared. 

17. If the starting address of the memory operand violates a 

segment limit, or an invalid access is attempted, a general 

protection exception (13) will occur before the ESC instruc- 

tion is executed. A stack segment overrun exception (12) 

will occur if the stack limit is violated by the operand's 

starting address. If a segment limit is violated during an 
attempted data transfer then a processor extension seg- 
ment overrun exception (9) occurs. 

18. The destination of an INT, JMP, CALL, RET, or IRET 

instruction must be in the defined limit of a code segment 

or a general protection exception (13) will occur. 


ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature -65 to +150°C 

Voltage on Any Pin with Commercial (C) Devices 
Respect to Ground -1.0 to +7.0 V Temperature (Tc) 

Power Dissipation ...........:ssssssssseseseesseeeseseeees 3.3 Watts Supply Voltage (Vcc) 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS (Vcc =5 V +5%, Tcoase =0 to +85°C) 


Description Test Conditions | Min | Max. | Unite _ 


Dvn | et tow votage——SSCSCSC—~—sSCSCSCSCSCSCSCSCSSSSSTTCCC*dY PY 
[Vir | trput HIGH Voltage ———SCSC~—~—SSCiSCCSCSCSCSCS~C~‘“‘C;SCSC~s nes | 
F Vue [GLK tnput LOW Voge ———SSSSC—~sSC SSS 

FV] GLK tnput HIGH Votage————SSSSCSCSiSCOCOSCSCSCSSCSC*S 

P Vor | Output LOW Votage———SSSSC~—Ss eA SSSCSCS~S~*S 


Operating ranges define those limits between which the 
functionality of the device is guaranteed. 


| -8 | 
| 38 | 
VoL Ba It 

| 24 
=| 
| 'to _—| Output Leakage Current =| AS V<VouTSVcosCidL:C( CS 
fd 
4 
CIN | 
Co | 
ILo ing | 

Nie | 20 

| 

et ae 


| Cin ‘| Other Input Capacitance Fo= 
; to Output Leakage Current 0 V<Vout < .045 V 


Input Sustaining Current on BUSY and ERROR Vin 0 V 
pins in 


ILcR Input CLK Leakage Current 0.45 <Vin <Voc 
input CLK Leakage Current 0 V<Vin $0.45 V 


Notes: 1. Low temperature is worst case. 





See Section 6 for Thermal Characteristics Information. 
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SWITCHING CHARACTERISTICS (Vcc=5 V + 5%, Tcase =0 to +85°C) 
AC timings are referenced to 0.8 V and 2.0 V points of signals as illustrated in datasheet waveforms, unless otherwise 
noted. 


Parameters Description Conditions 


1 ]Syater Gok (Le) Porod =p SSCSCSCSC~sr Caso] | om | co oo | | oe] ne 
[2 system Gock (CLK) LOW Time fat tov | 15 | a5 | 12 | one | n_| car | 10 | 200 
[7 |Systom Glock (CLK) Riso Tine [to viosev |__| 10] 
[18 ]Syaterr Gook (CL Fal Time [avo 10-V 7 
[4 JAsyreh inputs Setup Time ; 
[5 [synch inputs Hold Time 
[RESET Setup Tine 
[8 read Data Setup Time 
[ead Data Hold Time 
READY Set-up Time 
[READY Hold Time 

Note Note 8 
[aa [Status PERCR Actve Delay [Noto 2, Note 3 
[1a | Status/ERCK Inactive Delay _|Note_2, Note 3 
p13 [aaress Valid Delay [Not 2, Note 6 
[14 |te Data vai Delay [Note Note 6 
[15 [Aaress/Statue/Data Float Delay |Note 2, Note 4 
p16 JL Vals Delay (Note 2, Note 8 


Address Valid To Status Note 3, Note 5, 
Valid Setup Time Note 6 


: 1. Asynchronous inputs are INTR, NMI, HOLD PEREQ, ERROR, and BUSY. This specification is given only for testing purposes to 

assure recognition at a specific CLK edge. 

. Delay from 1.0 V on the CLK to 0.8 V or 2.0 V or float on the output as appropriate for valid or floating condition. 

. Output load: C_ = 100 pF. 

. Float condition occurs when output current is less than ILo in magnitude. 

. Delay measured from address either reaching 0.8 V or 2.0 V (valid) to status going active reaching 2.0 V or status going inactive 
reaching 0.8 V. 

. For load capacitance of 10 pF on STATUS/PEACK lines, subtract typically 7 ns for 8 MHz spec, and maximum 7 ns for 10 MHz 
spec. 
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AC Test Loading on Outputs 


40 V 


CLK INPUT 


0.45 V 
WF024240 
NOTE 8: 
AC Drive and Measurement Points — CLK Input 
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NOTE 9: 
AC Setup, Hold and Delay Time Measurement — General 


82284 Timing Requirements 


82284-8 82284-10 
Parameters Description Test Conditions | min. | wax. | min. | Max. | 


[__11__ | SRDV/SRBYEN Setup Time ama) Na FAT 
[12 _ | SROVSRDVEN Hols Time ——SC—~dSCSCSCSCSCS | Sid dr 
[13 [ARBY/ARDYEN Setup Tmo [Nowa ——*+|-o | [0 | | =| 
[14 [AROV/ARBYEN Hold Time _———(Notw sid 


a 
CL = 75 pF 
ae eee | ee ea 
OH =e 


Note 1. These times are given for testing purposes to assure a predetermined action. 


82C288 Timing Requirements 


82C288-8 82C288-10 
Parameters Description Test Conditions | min. | Max. | Min. | Max. 


[12 __—fewbty Setup time ————SSCSC~C~iSC<C~*~*~C~C~S~s~sS YP SC CUT 
[33 ie Hold Time SSC Cd tt re 


Command Delay PL Bengal Pe 
from CLK Command Active lee =5 mA Max. 
7 
rc 

lo. = 16 mA Max. 
loH=—1 mA Max. 
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80286 


SWITCHING WAVEFORMS 
MAJOR CYCLE TIMING 


Read Cycle illustrated Write Cycle illustrated 
with zero wait states with one wait state 


Von 


acs agree Pe 


An-Ao 


| “conan LLL. TMM 1} get er os sche 


=i jo 


BRE.CORR TK wn 7 teem —hy a VALIO # Ta 


a ate 
al: ro_| st 
mmr TO | ao (TULL 





SRV» SROVER \\\\\\\\\\A ee a ee al AOE 
§ ARDY KROVEN \\\\\\\AA pS kom i? a 


PCLK 
ALE l«¢ — 


ewocy AAA eat oe ea Soe VILL 


a 


WF007982 
Note: 1. The modified timing is due to the CMDLY signa! being active. 
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SWITCHING 


80286 ASYNCHRONOUS INPUT 
SIGNAL TIMING 


BUS CYCLE TYPE 


WF009930 


1. PCLK indicates which processor cycle 
phase will occur on the next CLK. PCLK 
may not indicate the correct phase until 
the first bus cycle is performed. 

2. These inputs are asynchronous. The set- 
up and hold times shown assure recogni- 
tion for testing purposes. 


EXITING AND ENTERING 


WAVEFORMS (Cont'd.) 


80286 RESET INPUT TIMING AND 
SUBSEQUENT PROCESSOR CYCLE PHASE 


o 
So 
nN 
fe] 
oO 


WF007930 


Note 1: When RESET meets the set-up time 
shown, the next CLK will start or re- 
peat $1 of a processor cycle. 





, THR w 


(SEE NOTE 4.) 


) (SEE NOTE 3.) 


WFO009942 


Notes: 1. These signals may not be driven by the 80286 during the time shown. The worst case in terms of latest float 


time is shown. 


. The data bus will be driven as shown if the last cycle before T; in the diagram was a write Tc. 

. The 80286 floats its status pins during Ty. External 20 kQ resistors keep these signals high (see Table 15). 
. For HOLD request set-up to HLDA, refer to Figure 34. 

. BHE and LOCK are driven at this time but will not become valid unti! Ts. 

. The data bus will remain in three-state OFF if a read cycle is performed. 
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80286 


SWITCHING WAVEFORMS (Cont'd.) 
80286 PEREQ/PEACK TIMING REQUIRED PEREQ TIMING FOR ONE TRANSFER ONLY 


BUS CYCLE TYPE 


T 1s Te Te 
a2 al “2 


Von “ “ a (1) 
° 
ox _/ 


Vew VO READ IF PROC. EXT. TO MEMORY MEMORY WRITE If PROC. EXT. TO MEMORY 
MEMORY READ iF MEMORY TO PROC. EXT. fe 


MEMORY ADORESS F PROC. EXT. TO MEMORY TRANSFER 
VO PORT ADORESS OOFA(H) IF MEMORY TO PROC. EXT. TRANSFER 


Sie 

An - Ao 

wid 

COOARTA (| vO PORT ADORESS OOFA(H) IF PROC. EXT. TO MEMORY TRANSFER 
MEMORY ADORESS IF MEMORY TO PROC. EXT. TRANSFER 

PEZTR (SEE NOTE 1.) 


| (SEE NOTE 2) — 6) ® 
enea TA TTL LLL LLL LLL LLL LLL LLL 


WF007953 


ASSUMING WORD-ALIGNED MEMORY OPERAND; IF ODD ALIGNED, 80286 TRANSFERS TO/FROM 
MEMORY BYTE-AT-A-TIME WITH TWO MEMORY CYCLES. 


Notes: 1. PEACK always goes active during the first bus operation of a processor extension data operand transfer se- 
quence. The first bus operation will be either a memory read at operand address or I/O read at port address 
OOFA(H). 

2. To prevent a second processor extension data operand transfer, the worst case maximum time (shown above) 
is: 3x @-@max-@min. The actual, configuration dependent, maximum time is: 3x @-@max-@min + Ax2x@ 
A is the number of extra Tg states added to either the first or second bus operation of the processor extension 
data operand transfer sequence. 


INITIAL 80286 PIN STATE DURING RESET 


ll a al sae 
/ |; Fa ee nee 
16 CLK PERIODS ONS 


BUS yet TYPE 


UNKNOWN 


_——— 
a 
>————_- 
_——a 


@) ~— (see nore 3.) 


YO») senate 


(®) 
#€ HOLD IS NOT ACTIVE (SEE NOTE 4) 


<a 


WF007962 


Notes: 1. Set-up time for RESET t may be violated with the consideration that ¢1 of the processor clock may begin one 
system CLK period later. 
2. Set-up and hold times for RESET ! must be met for proper operation, but RESET ! may occur during $1 or $2. 
3. The data bus is only guaranteed to be in three-state OFF at the time shown. 
4. HOLD is acknowledged during RESET, causing HLDA to go active and the appropriate pins to float. If HOLD 
remains active while RESET goes inactive, the 80286 remains in HOLD state and will not perform any bus 
accesses until HOLD is deactivated. 
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80286 INSTRUCTION SET SUMMARY 


FUNCTION 


DATA TRANSFER 
MOV = Move: 


Register to Register/Memory 
Register/memory to register 
Immediate to register/memory 
Immediate to register 

Memory to accumulator 

Accumulator to memory 
Register/memory to segment register 
Segment register to register/memory 


PUSH = Push: 
Memory 


Register 


Segment register 





“PUSHA™ Push At 
POP = Pop: 
Memory 
Register 


Segment register 


XCHG = Exchange: 


Register/memory with register 
Register with accumulator 


IN = Input from: 


Fixed port 
Variable port 


OUT = Output to: 
Fixed port 


Variable port 

XLAT = Translate byte to AL 
LEA = Load EA to register 
LDS = Load pointer to DS 
LES = Load pointer to ES 
LAHF = Load AH with flags 
SAHF = Store AH into flags 
PUSHF = Push flags 


POPF = Pop flags 


oa 
o 
Le) 
fos] 
o 


CLOCK COUNT COMMENTS 


Protected 
Virtual 
Address 
Mode 


Protected 
Virtual 
Address 
Mode 


Real 
Address 
Mode 


Real 
Address 


FORMAT Mode 


1000100w mod reg r/m 


1000101Ww mod reg r/m 


mod 000 ¢t/m 
1011w reg 
1010000w 


addr-low addr-high 9 


a 
i 


1010001Ww addr-low addr-high 9 


10001110] modOreg r/m 9,10,11 


10001100] mod 0 reg r/m 9 


11111141444) m0d110 ¢r/m 
01010 reg 


0001reg 110 





data : 





011901703506 :  dataif sO 


O06 COO} 





mod 00 0 r/m 


10001111 





01011 reg 


000reg111 {reg #01) 





Of1O00ot] = 





1000011w 


10010 reg 


1110110w 


11100t1w 


1110111w 


10001101 mod reg r/m 


11000101 mod reg r/m {mod # 11) 9,10,11 


11000100 mod reg r/m (mod # 11) 9,10,11 


10011111 


10011100 


Shaded areas indicate instructions not available in iAPX 86, 88 microsystems. 
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80286 INSTRUCTION SET SUMMARY (Continued) 


CLOCK COUNT COMMENTS 


80286 


Protected Protected 
Real Virtual Real Virtual 
Address | Address | Address | Address 
FUNCTION FORMAT Mode Mode Mode Mode 


ARITHMETIC 
ADD = Add: 


Reg/memory with register to either o00000dw mod reg r/m 


Immediate to register / memory 100000sw] mod000r/m data if s:w = 01 


Immediate to accumulator 0000010w 
ADC = Add with carry: 


Reg/memory with register to either 000100dw mod reg r/m 


Immediate to register/memory 100000sw] mod010r/m data if s:iw=01 


Immediate to accumulator 0001010w 


: 


INC = Increment: 


Register/memory mod 00 0 r/m 


Register 01000 reg 
SUB = Subtract: 


Reg/memory and register to either 001010dw mod reg r/m 


Immediate from register/memory 100000sw] mod1011r/m data if s:w=01 


Immediate from accumulator 0010110w data if w=1 
SBB = Subtract with borrow: 
Reg/memory and register to either 000110dw mod reg r/m 


Immediate from register/memory 100000swt{ mod011¢/m data data if sw =01 


Immediate from accumulator 0001110w data data if w=1 
DEC = Decrement: 
Register/memory mod 0 0 1 r/m 
Register 

CMP = Compare: 


Register/memory with register 0011101w mod reg r/m 


Register with register/memory 0011100w mod reg r/m 


Immediate with register/memory 100000sw| mod111+r/m data if sw=01 


Immediate with accumulator data 


NEG = Change sign mod 0 11 r/m 
AAA = ASCIi adjust for add 
DAA = Decima! adjust for add 00100111 
AAS = ASCII adjust for subtract 


DAS = Decimal adjust for subtract 


mod 1 0 0 r/m 


MUL = Mulitiply (unsigned) 


Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 





Integer multiply (signed): 1111011wl mod 101m 
Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 


Shaded areas indicate instructions not available in iAPX 86, 88 microsystems. 
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80286 INSTRUCTION SET SUMMARY (Continued) 


CLOCK COUNT COMMENTS 


Protected Protected 
Real Virtual Real Virtual 
Address | Address | Address | Address 
FUNCTION FORMAT Mode Mode Mode Mode 


IML = ioger immnedaie mip [OWL aT O87 


iG BIQQOD ins diana esciiowltiiair isin diidaeaiS 


DIV = Divide (unsigned): 11110114wYI| mod110r/m 


Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 


IDIV = Integer divide (signed): 14110T1W 


Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 


AAM = ASCIl adjust for multiply 11010100 





mod 111 1/m 


00001010 


AAD = ASCII adjust for divide 00001010 
CBW = Convert byte to word 10011000 


CWD = Convert word to double word 10011001 


LOGIC 
Shift/Rotate Instructions: 


Register/Memory by 1 1101000w 


Register/Memory by CL 1101001Ww 


mod TTT r/m 5+ngtn 5+n8+n 





Saini voodieocahuseamseeabaate 


= 


Instruction 
ROL 
ROR 
RCL 
RCR 

SHL/SAL 
SHR 
SAR 


000 
001 
010 
011 
100 
101 
111 


AND = And: 


Reg/memory and register to either 001000dw 


Immediate to register/memory 1000000w} mod100fr/m 


Immediate to accumulator 0010010w data if w=1 


TEST = And functlon to flags, no result: 


Register/memory and register 1000010w mod reg r/m 


Immediate data and register/memory 11110141w] mod000¢t/m 
Immediate data and accumulator 1010100w data 
OR = Or: 
Reg/memory and register to either 000010dw mod reg r/m 


Immediate to register/memory 1000000w] mod001¢/m data if w=1 


Immediate to accumulator 0000110w data ifw=1 
XOR = Exclusive or: 
Reg/memory and register to either 001100dw mod reg r/m 


Immediate to register/memory 1000000w] mod1101r/m 


Immediate to accumulator 0011010w data if w=1 


mod 010 r/m 


NOT = Invert register/memory 


Shaded areas indicate instructions not available in iAPX 86, 88 microsystems. 
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98208 


80286 


80286 INSTRUCTION SET SUMMARY (Continued) 


CLOCK COUNT COMMENTS 


Protected Protected 
Real Virtual Real Virtual 
Address | Address | Address | Address 
FUNCTION FORMAT Mode Mode Mode Mode 


STRING MANIPULATION: 

MOVS = Move byte/word 1010010w 
CMPS = Compare byte/word 

SCAS = Scan byte/word 1010111w 
LODS = Load byte/wd to AL/AX 

STOS = Stor byte/wd from AL/A 


INS = Input byte/wd from DX port 0110110Ww 





-sosaoeanenniean genintautonecvesmecenmaeesnmneccnnasnes, 





“OUTS = Output byte/wd to DX pot «= [OF 10111 


| Repeated. by count. in CX. ee 
MOVS = Move string 1010010w 





CMPS = Compare string 
SCAS = Scan string 
LODS = Load string 
STOS = Store string 


-speshatagmentaaitiittiaanenmntoninncenicecacestces’ 


“WS=input sting a ooto lori ottowl. 








| OUTS = Output sting «= i“ si(‘isi‘éiC HT OTOL OT 1OT1IW 
CALL = Call: 





Direct within segment 11101000 disp-high 


Register memory 111111141 
indirect within segment 


Direct intersegment 10011010 


mod 0 10 r/m 7+m11+mi 74+m11+m 


segment offset 8,11,12 


segment selector 


Protected Mode Only (Direct intersegment): 
Via call gate to same privilege level 41+m 8,11,12 
Via call gate to different privilege level, no parameters 82+m 6,11,12 
Via call gate to different privilege level, x parameters 86 + 4x+m 8,11,12 
Via TSS 177+m 8,11,12 
Via task gate 182 +m B,11,12 


Indirect intersegment 1111114141 mod 0 1 1 r/m (mod # 11) 29+m 8,9,11,12 


Protected Mode Only (Indirect Intersegment): 
Via call gate to same privilege level 44+m* 8,9,11,12 
Via call gate to different privilege level, no parameters 83 + m* 8,9,11,12 
Via call gate to different privilege level, x parameters 90 + 4x+m 8,9,11,12 
Via TSS 180 + m* 8,9,11,12 
Via task gate 185 + m* 8,9,11,12 


JMP = Unconditional jump: 


Short/long 


Direct within segment disp-high 


Register/memory indirect within segment mod 100 6r/m 7T+mit+m| 7+m1t+er 


Direct intersegment 11101010 segment offset 811,12 


segment selector 


Protected Mode Only (Direct Intersegment): 
Via call gate to same privilege level 8,11,12 
Via TSS 811,12 
Via task gate 8,11,12 


mod 101 r/m (mod ¥ 11) 8,9,11,12 


Indirect intersegment 


Shaded areas indicate instructions not available in iAPX 86, 88 microsystems. 
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80286 INSTRUCTION SET SUMMARY (Continued) 


Protected Protected 
Real Virtual Virtual 
Address | Address Address 
FUNCTION FORMAT Mode Mode Mode 


CONTROL TRANSFER (Continued): 


Protected Mode Only (Indirect Intersegment): 
Via call gate to same privilege level 8,9,11,12 
Via TSS Bele 
Via task gate 8,9,11,12 


RET = Return from CALL: 


ao 
o 
Nn 
oa 
oO 


Within segment 11000011 8,9 


Within seg adding immed to SP 11000010 89 


Intersegment 11001011 8,9,11,12 


Intersegment adding immediate to SP-_ 111001010 data-high 8,9,11,12 


Protected Mode Only (RET): 
To different privilege level 


JE/JZ = Jump on equal zero 01110100 7+mor3 


JL/JNGE = Jump on less not greater or 01111100 | ep | 7+mor3 


equal 





JLE/JNG = Jump on less or equal not 


greater 01111110 


7+mor3 | 7+m or 3 


JB/JNAE = Jump on below not above or 


equal 01110010 


7+mor3 |] 7+m org 


JBE/JNA = Jump on below or equa! not 


+ + 
above 7+mor3 |] 7+mor3 


01110110 


JP/JPE = Jump on parity/parity even 01111010 7+mor3a|7+mor3 





JO = Jump on overflow 01110000 7+mor3]7+mor3 


JS = Jump on sign 01111000 7+mor3 | 7+mor3 


JNE/JNZ = Jump on not equal not zero 01110101 7+mor3 |] 7+mor3 


JNL/JGE = Jump on not less greater or 


+ + 
pais 7+mor3 | 7+mor3 


011111041 


JNLE/JG = Jump on not less or equal 
greater 


7+mor3 | 7+m or 3 


JNB/JAE = Jump on not below above or 


01110011 
equal 


7T+mor3a | 7+mor3 


JNBE/JA = Jump on not below or equal 


above 7+mor3 | 7+mor3 


7+mor3 | 7+mor3 


JNP/JPO = Jump on not par / par odd 


JNO = Jump on not overflow 01110001 7+mor3 |] 7+mor3 


JNS = Jump on not sign 7+mor3 | 7+mor3 


LOOP = Loop CX times 11100010 8+mor4 |] 8+m or 4 


LOOPZ/LOOPE = Loop while zero equal 11100001 8+mor4 | 8+mor4 


LOOPNZ/LOOPNE = Loop while not zero 


8+m or 4 | 8+m or 4 
equal 


11100000 


8+mor4 | &8+m or 4 


JCXZ = Jump on CX zero 11100011 
: 41001000]— 
bed 
bot : : - 
_ LEAVE ~ Leave Procedure — fatootoo: 





Shaded areas indicate instructions not available in iAPX 86, 88 microsystems. 
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80286 INSTRUCTION SET SUMMARY (Continued) 


FUNCTION 


CONTROL TRANSFER (Continued): 


INT = Interrupt: 
Type specified 


Type 3 


INTO = Interrupt on overflow 


Protected Mode Only: 


FORMAT 


11001100 


Via interrupt or trap gate to same privilege level 
Via interrupt or trap gate to fit different privilege level 


Via Task Gate 
IRET = Interrupt return 
Protected Mode Only: 


To different privilege level 
To different task (NT = 1) 


seuapteremnmranecesecn 





: BOUND = Detect value out of range 


PROCESSOR CONTROL 
CLC = Clear carry 

CMC = Complement carry 
STC = Set carry 

CLD = Clear direction 
STD = Set direction 

CLI = Clear interrupt 

STI = Set interrupt 

HLT = Halt 

WAIT = Wait 


LOCK = Bus lock prefix 


11001111 


11111000 


111110041 


11111100 


41111101 


11110100 


100110141 


11110000 


CLOCK COUNT COMMENTS 


Protected Protected 
Real Virtual Real Virtual 
Address | Address | Address | Address 
Mode Mode Mode Mode 


23 +m 
23 +m 


24-mor3 | 24- or 3 
(3 if no) (3 if no) 
(Interrupt) | (Interrupt) 


40+m 811,12 
78+m 8,11,12 
167+m 811,12 


3t+m 8,9,11,12,15 


55+m 8,9,11,12,15 
8,9,11,12 


: 000011111/00000110] 


ESC = Processor Extension Escape 10011TTT mod LLL ¢r/m 


(TTT LLL are opcode to processor extension) 


0011regi110 


Shaded areas indicate instructions not available in iAPX 86, 88 microsystems. 


SEG = Segment override prefix 
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FUNCTION 
PROTECTION: CONTROL 


LGDT = Load global descriptor table register 

SGT = Store global descriptor lable register 
LIOT = Load internupt descriptor table regiset 
SIDT = Sor inorupl descriptor table register 


LLDT = Load locel descriptor table reaistet 
- cfrom tegister memory : 


SLDT = Store local descriptor table register to 


80286 INSTRUCTION SET SUMMARY (Continued) 


CLOCK COUNT 


Protected 
Virtual 
Address 
Mode 


Real 
Address 


FORMAT Mode 


oo001111; 00000001] 


909000000 


mod 00 0rm | 10 


42. 


ooo0T1 14 mod 04 4r/m | 


00001114 mod 0.04 t/m_ 12° 


00007114 mod.0. 10 rm. |: 


60000009 


COMMENTS 


Protected 
Virtual 
Address 
Mode 


Real 
Address 
Mode 


23 
20 


23 


ala ene oooo1114 
00001114 


900009000 
900000900 


60000001 


LTR = Load task register from register/memory 
“$TR= Store task register to register memory | 000014114 
LMSW = Load mactine status word from 


ego lmarn) gooo11ts 


OO0011474400000001 


{90001111} 00000010 
00000011 


ARPL = Adjust re —forr00o14 | 
AA = Verity read access: regster/memoy | 00001111} 00000000 
VER access: foo001111}00000000 


 SMSW = Store machine status word 


_ LAR = Load access its 





tom regster/ 





Ret ead weet ink tomers oa 1) 1 


Shaded areas indicate instructions not available in iAPX 


Footnotes 


The effective Address (EA) of the memory operand is 
computed according to the mod and r/m fields: 


if mod=11 then r/m is treated as a REG field 

if mod = 00 then DISP = 0*, disp-low and disp-high are 
absent 

if mod =01 then DISP = disp-low sign-extended to 16-bits, 
disp-high is absent 

if mod = 10 then DISP = disp-high: disp-low 

if r/m = 000 then EA = (BX) + (SI) + DISP 

if r/m=001 then EA = (BX) + (Dl) + DISP 

if r/m = 010 then EA = (BP) + (SI) + DISP 

if r/m=011 then EA = (BP) + (DI) + DISP 

if r/m= 100 then EA = (SI) + DISP 

if r/m=101 then EA = (Dl) + DISP 

if r/m=110 then EA = (BP) + DISP* 

if r/m=111 then EA = (BX) + DISP 


DISP follows 2nd byte of instruction (before data if 
required) 
“except if mod = 00 and r/m=110 then EA =disp-high: disp-low. 


SEGMENT OVERRIDE PREFIX 


00treg 110 


REG is assigned according to the following: 
Segment 
REG Register 
00 ES 
01 cs 
10 ss 
11 DS 
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mod 


mod 01.4 r/m 


mod 0.0 1 r/m 


mod 4 10m 


mod.0.0.0-r/m 


814,19 


0,11,13 


919 


mod.10 0 r/m- 


mod reg r/m 





mod reg r/m. 


mod teg c/m 


3-143 


mod 1.00 r/m 


101¢m 


86, 88 microsystems. 


REG is assigned according to the following table: 


16-Bit (w = 1) 8-Bit (w = 0) 
000 AX 000 AL 
001 CX 001. CL 
010 DX 010 DL 
011. BX 011. BL 
100 SP 100 AH 
101 BP 101. CH 
110 SI 110. DH 
111. DI 111. BH 


The physical addresses of all operands addressed by the 
BP register are computed using the SS segment register. 
The physical addresses of the destination operands of the 
string primitive operations (those addressed by the DI 
register) are computed using the ES segment, which may 
not be overridden. 
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80L286 


Low-Power High-Performance Microprocessor with 
Memory Management and Protection 


DISTINCTIVE CHARACTERISTICS 


High-performance processor (up to ten times iAPX 86 
when using the 12 MHz 80L286). 

Identical to the 80286 except consumes 37% less 
power. 

Available in cost-effective Plastic Leaded Chip Carrier 
(PLCC) package. 

Socketed PLCC footprint is compatible with socketed 
LCC and PGA footprints. 


® Surface-mountable PLCC for high density board utiliza- 
tion. 

@ 8, 10 and 12.5 MHz operation 

@ Large address space 
- 16 megabytes physical 
- 1 gigabyte virtual memory per task 
Integrated memory management, four-level memory 
protection and support for virtual memory and operating 
systems. 


GENERAL DESCRIPTION 


The 80L286 is an advanced, high performance micropro- 
cessor, identical to the 80286, except consumes much less 
power. The 80L826 uses less than 2 watts at 55°C — 37% 
below the 80286. Its reduced power enables the 80L826 to 
be packaged in low-cost, Plastic Leaded Chip Carrier 
(PLCC) without a heat sink or heat spreader. Cooler 
operation also enhances reliability. The PLCC package can 
be surface-mounted or socketed. The footprint of the 
socketed PLCC package is identical to the socketed LCC or 
PGA packages so no board layout change is needed. The 
80L826 is available in 8, 10 and 12 MHz speeds and is fully 
compatible with the 82C288 Bus Controller and the 82284 
Clock Driver. 


The 80L286 is upward compatible with iAPX 86 and 88 
software. Using iAPX 86 real address mode, the 801286 is 


object code compatible with existing iAPX 86, 88 software. 
In protected virtual address mode, the 80L286 is source 
code compatible with iAPX 86, 88 software and may require 
upgrading to use virtual addresses supported by the 
80L286's integrated memory management and protection 
mechanism. Both modes operate at full 80L286 perfor- 
mance and execute a superset of the iAPX 86 and 88 
instructions. 


The 80L286 provides special operations to support the 
efficient implementation and execution of operating sys- 
tems. For example, one instruction can end execution of 
one task, save its state, switch to a new task, load its state, 
and start execution of the new task. The 80L286 also 
supports virtual memory systems by providing a segment- 
not-present exception and restartable instructions. 


BLOCK DIAGRAM 
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EXECUTION UNIT (EU) 
. 





ADDRESS 
LATCHES ANO DAIVERS 
PROCESSOR 
PREFETCHER EXTENSION 
INTERFACE 


6 BYTE 
PREFETCH 
QUEUE 


' 
Shasta INSTRUCTION INSTRUCTION , 
BULUE N| DECODER UNIT CU) 


BD003960 


Publication # Rev, Amendment 
08511 Cc 10 
Issue Date: June 1987 





CONNECTION DIAGRAM 


ao 
o 
ie 
Top View @ 


CD010641 


As viewed from top of package (PC side of component board) 





RELATED AMD PRODUCTS 


| Part No. | Description 
82C288* Bus Controller 
82284* Clock Driver 


82054 Programmable Interval Timer 
8259A Interrupt Controller 
Am9517A_ | DMA Controller 


*For 12.5-MHz operation, see the "82284 and 
82288 Emulation in an IBM PC/AT Computer 
Using Two AmPAL** 16 R8B Devices"’ 
Application Note, PID #08927A. 





**PAL is a registered trademark of and is used 
under license form Monolithic Memories, Inc. 
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ORDERING INFORMATION 


Commodity Products 


AMD commodity products are available in several packages and operating ranges. The order number (Valid Combination) is formed 
by a combination of: a. Temperature Range 

b. Package Type 

c. Device Number 

d. Speed Option 

e. Optional Processing 


80L286 -12 


. SPEED OPTION 
-12 = 12.5 MHz (Preliminary) 
-10 = 10 MHz (Preliminary) 
-8 =8 MHz 


. DEVICE NUMBER/DESCRIPTION 
80L286 
Low-Power High-Performance Microprocessor 
with Memory Management and Protection 


. PACKAGE TYPE 
N = 68-Pin Plastic Leaded Chip Carrier (PL 068) 


. TEMPERATURE RANGE 
Blank = Commercial (TcaseE = 0 to +85°C) 


Valid Combinations 


Valid Combinations list configurations planned to be 

Valid : : : 
pomibinetiens supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations, to check on newly released valid combinations, 


and to obtain additional data on AMD's standard military 
grade products. 
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PIN DESCRIPTION 


o 
So 
r 
N 
oO 
o 


Active 


Active CLK 

HIGH 

Active 1/0 
HIGH 

Active Ao3-Ao 

HIGH 


Active 
LOW 


Active Si, 50 
LOW 


me as 
aa nek a 


Active LOCK 
LOW 

Active READY 
LOW 


Active HOLD, 
HIGH HLDA 





System Clock provides the fundamental timing for 80L286 systems. It is a 16 MHz signal divided by two 
Inside the 80L286 to generate the 8 MHz processor clock. The internal divide-by-two circuitry can be 
synchronized to an external clock generator by a LOW-to-HIGH transition on the RESET input. 


Data Bus inputs data during memory, !/O, and interrupt acknowledge read cycles; outputs data during 
memory and !/O write cycles. The data bus is active HIGH and floats to three-state OFF during bus hold 
acknowledge. 


Address Bus outputs physical memory and |/O port addresses. Ap is LOW when data is to be transferred 
on pins D7_9. Ae3-A1e are LOW during I/O transfers. The address bus is active HIGH and floats to 
three-state OFF during bus hold acknowledge. 


Bus High Enable indicates transfer of data on the upper byte of the data bus Dy5~9. Eight-bit oriented 
devices assigned to the upper byte of the data bus would normally use BHE to condition chip select 
functions. BHE is active LOW and floats to three-state OFF during bus hold acknowledge. 


BHE and Ap Encodings 


[ERE Vaue | Ag Value [Function SSCS 
Po | 0 | Word Transter SSCS 
[0 | __1__|_ 8 transfor on upper half of data bus Oise) _| 
[1 |_| ye wanstor_on tower half of data bus (07-0) | 
a nome 


Bus Cycle Status indicates initiation of a bus cycle and, along with M/IO_and COD/INTA, defines the type 
of bus cycle. The bus is in a Ts state whenever one or both are LOW. S1 and SO are active LOW and 
float to three-state OFF during bus hold acknowledge. 


80L286 Bus Cycle Status Definition 


 cooaRTR [wo] ST 80 | Bue eyes intates 
Fe 
FC SS GCE 
eed ON el eT 
a os 
Ee ee es IF Ay =1 then halt; else shutdown 
aw es | 1 | Memory data read 

ae | 0 | Memory data write 


ial 
ea one; not a status cycle 
oa 





Reserved 

| 1 [ I/O read 

| oO | 1/0 write 
aa None; not a status cycle 

fo | o | Reserved 
p41 | Memory instruction read 

| 0 | Reserved 
| 1 | None; not a status cycle 


pot 
E2824 
ee ee 
(ee Es 
Dic eae (ee 
eee 
je eee ca 
a 


Memory/IO Select distinguishes memory access from I/O access. If HIGH during Ts, a memory cycle or a 
halt/shutdown cycle is in progress. If LOW, an !/O cycle or an interrupt acknowledge cycle is in progress. 
M/I6 floats to three-state OFF during bus hold acknowledge. 


Code/Interrupt Acknowledge distinguishes instruction fetch cycles from memory data read cycles. Also 
distinguishes interrupt acknowledge cycles from 1/O cycles. COD/INTA floats to three-state OFF during bus 
hold acknowledge. 


Bus Lock indicates that_other system bus masters are not to gain contro! of the system bus following the 
current bus cycle. The LOCK signal may be activated explicitly by the "LOCK" instruction prefix or 
automatically by 80L286 hardware during memory XCHG instructions, interrupt acknowledge, or descriptor 
table access. LOCK is active LOW and floats to three-state OFF during bus hold acknowledge. 


Bus Ready terminates a bus cycle. Bus cycles are extended without limit until terminated by READY LOW. 
READY is an active LOW synchronous input requiring set-up and hold times relative to the system clock be 
met for correct operation. READY is ignored during bus hold acknowledge. 


Bus Hold Request and Hold Acknowledge control ownership of the 80L286 local bus. The HOLD input 
allows another local bus master to request contro! of the local bus. When contro! is granted, the 80L286 
will float its bus drivers to three-state OFF and then active HLDA, thus entering the bus hold acknowledge 
condition. The local bus will remain granted to the requesting master until HOLD becomes inactive which 
results in the 80L286 deactivating HLDA and regaining contro! of the local bus. This terminates the bus hold 
acknowledge condition. HOLD may be asynchronous to the system clock. These signals are active HIGH. 
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Active 
| Aste | name | vo 


Active 
HIGH 


Active 
HIGH 


Active 
LOW 


Active 
HIGH 


Active 
HIGH 


Active 
HIGH 


Active 
HIGH 


INTR 


PEREQ, 
PEACK 


RESET 


U 
RROR 
Vss 
Vcc 

AP 


the 80L286 for internal initializations before the first bus cycle to fetch code from the power-on execution 


A LOW-to-HIGH transition of RESET synchronous to the system clock, will begin a new processor cycle at 
the next HIGH-to-LOW transition of the system clock. The LOW-to-HIGH transition of RESET may be 


System Ground: 0 VOLTS. 
System Power: +5 Volt Power Supply. 


This capacitor filters the output of the internal substrate bias generator. A maximum DC leakage current of 


voltage. The capacitor charge-up time is 5 milliseconds (max.) after Vcc and CLK reach their specified AC 
and DC parameters. RESET may be applied to prevent spurious activity by the CPU during this time. After 
this time, the 80L286 processor clock can be phase synchronized to another clock by pulsing RESET LOW 


PIN DESCRIPTION (Cont'd.) 


Description 


Interrupt Request requests the 80L286 to suspend its current program execution and service a pending 
external request. Interrupt requests are masked whenever the interrupt enable bit in the flag word is cleared. 
When the 80L286 responds to an interrupt request, it performs two interrupt acknowledge bus cycles to 
read an 8-bit interrupt vector that identifies the source of the interrupt. To assure program interruption, INTR 
must remain active until the first interrupt acknowledge cycle is completed. INTR is sampled at the 
beginning of each processor cycle and must be active HIGH at least two processor cycles before the 
current instruction ends in order to interrupt before the next instruction. INTR is level sensitive, active HIGH, 
and may be asynchronous to the system clock. 


Non-maskable Interrupt Request interrupts the 80L286 with an internally supplied vector value of 2. No 
interrupt acknowledge cycles are performed. The interrupt enable bit in the 80L286 flag word does not 
affect this input. The NMI input is active HIGH, may be asynchronous to the system clock, and is edge 
triggered after internal synchronization. For proper recognition, the input must have been previously LOW for 
at least four system clock cycles and remain HIGH for at least four system clock cycles. 


Processor Extension Operand Request and Acknowledge extended the memory management and protection 
capabilities of the 80L286 to processor extensions. The PEREQ input requests the 80L286 to perform a 
data operand transfer for a processor extension. The PEACK output signals the processor extension when 
the requested operand is being transferred. PEREQ is active HIGH and may be asynchronous to the system 
clock. PEACK is active LOW. 


Processor Extension Busy and Error indicate the operating condition of a processor extension to the 
80L286. An active BUSY input stops 80L286 program execution on WAIT and some ESC instructions until 
BUSY becomes inactive (HIGH). The 80L286 may be interrupted while waiting for BUSY to become inactive. 
An active ERROR input causes the 801286 to perform a processor extension interrupt when executing WAIT 
or some ESC instructions. These inputs are active LOW and may be asynchronous to the system clock. 


System Reset clears the internal logic of the 80L286 and is active HIGH. The 80L286 may be reinitialized 
at any time with a LOW-to-HIGH transition on RESET which remains active for more than 16 system clock 
cycles. During RESET active, the output pins of the 80L286 enter the state shown below: 


80L286 Pin State During Reset 
Pin Value 


SO, Si, PEACK, A23-Ao, BHE, LOCK 


0 (LOW) M/TO, COD/INTA, HLDA 
three-state OFF | Dis-Do 


Operation of the 80L286 begins after a HIGH-to-LOW transition on RESET. The HIGH-to-LOW transition of 
RESET must be synchronous to the system clock. Approximately 50 system clock cycles are required by 



















address is performed. 










asynchronous to the system clock; however, in this case it cannot be predetermined which phase of the 
processor clock will occur during the next system clock period. Synchronous LOW-to-HIGH transitions of 
RESET are only required for systems where the processor clock must be phase synchronous to another 
clock. 






Substrate Filter Capacitor: a 0.047uf +20% 12 V capacitor must be connected between this pin and ground. 





1 pa is allowed through the capacitor. 








For correct operation of the 80L286, the substrate bias generator must charge this capacitor to its operating 


synchronous to the system clock. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature -65 to +150°C Commercial (C) Devices 
Voltage on Any Pin with Temperature (Tcase) 0 to +85°C 
Respect to Ground -1.0 to +7.0 V Supply Voltage (Vcc) 5V + 5% 
Power Dissipation (8, 10 MHZ) ............cceceeesees 2.0 Watts 
(12 MHZ) .....cccsecensseeneeenenes 2.25 Watts Operating ranges define those limits between which the 


Stresses above those listed under ABSOLUTE MAXIMUM fupctonalifo or the device is:quaraniaed: 
RATINGS may cause permanent device failure. Functionality 

at or above these limits is not implied. Exposure to absolute 

maximum ratings for extended periods may affect device 

reliability. 


DC CHARACTERISTICS (Tcase =0 to 85°C, Voc =5 V +5%) 


Description | Test Conaitions | min. | wax._| min | Max. | min. | Max._| 


[vn | weit tow vote [| ——-+[ -s ~+|« | -s |e | -s |e [v_ 
[Vin [Input HIGH Votage | ————~*dY~ 20 | veces | 20 [Voor] 20 [vecrs| v_| 
[Mug [eu pat cow votags [sys fs Ps fs Ps 
[Wire Yt pati votage [8 | veo [58 [oor | 38 [Voor | 
[Vor | Output Low votage | i=20ma | i sows Pa 

[vex [opr vote | ea—aoo om [ee | aa 

is eerie coef a eveersige 


a sueey seals 


ee ee te 








Input Sus Sustaining Cuner Current 
on BUSY and EAROA =OV 
pins 


Notes: 1. Low temperature is worst case. 





See Section 6 for Thermal Characteristics Information. 
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SWITCHING CHARACTERISTICS (Tcase = 0 to +85°C) 
AC timings are referenced to 0.8 V and 2.0 V points of signals as illustrated in datasheet waveforms, unless otherwise 
noted. 


Description Test Conditions 


[2 | System Clock (CLK) LOW Time __—‘[aiov | 15 | eas | ta | ee | wtp fae 
[17___[ System Clock (CLK) Rise Time [10vessv | | 0 | | 8 |= 
[Road Data Hold Tmo —SCSC~dSSSCSC~C~*S 
aa 
A\ 





Write Data Valid Delay 
Note 2, Note 3 


Address Valid To Status Note 3, Note 5, 
Valid Setup Time Note 6 ' 


Asynchronous inputs are INTR, NMI, HOLD PEREQ, ERROR, and BUSY. This specification is given only for testing purposes to 
assure recognition at a specific CLK edge. 

. Delay from 0.8 V on the CLK to 0.8 V or 2.0 V or float on the output as appropriate for valid or floating condition. 

. Output load: C, = 100 pF. 

. Float condition occurs when output current is less than ILo in magnitude. 

. Delay eg from address either reaching 0.8 V or 2.0 V (valid) to status going active reaching 2.0 V or status going inactive 
reaching 0.8 V. 

. For load capacitance of 10 pF on STATUS/PEACK lines, subtract typically 7 ns for 8 MHz spec, and maximum 7 ns for 10 MHz. 


82284 Timing Requirements 


Parameters Description 


SRDY/SRDYEN Setup Time 
| 18 ARDY/ARDYEN Setup Time 
Noto" 


CL=75 pF 
PCLK Delay lol =5 mA 
loH =-1 mA 


Note 1. These times are given for testing purposes to assure a predetermined action. 
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eo 
(=) 
2 
SWITCHING CHARACTERISTICS (Cont'd.) 3 


82C288 Timing Requirements* 


82C288-8 82C288-10 
Parameters Description Test Conditions ae oe ieee 


ee LS a See OC MS AG 

a a a a ee GA Oe ee a 
Command Delay poe eee ps [| a | s | 20 | 
from CLK Command Active ie =5 mA Max. 38s oie ee Pet 

ee eT 

[ar tne gg 

| 20 DEN Read Active Delay IO 1 mA Max, 

[ar Be ad rave tay 

[ase Wits Atv Doay 


*For 12.5-MHz operation, see the ''82284 and 82288 Emulation in an IBM PC/AT Computer Using Two 
AmPAL16R8B Devices'' Application Note, PID #08927A. 
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SWITCHING WAVEFORMS 
MAJOR CYCLE TIMING 


BUS CYCLE TYPE : 
Von re 


- ae a auanaa: 


wl, comma mith be -\9F a ie eae na ne le ox VAUD Ts 


: ye ae Ta Pies 


BRECERR TEKS a VAL # Te 


@ 4 & 
Ct oft he teh aee Mistot gy coats mates seh ae Y CT] 2 ae 
O1s-Oo == s\= = hae yyy 


oe say 
REIDY TAT, Sea HULU | LLL, 


SROY. SROVEN \\\\AANY ATM MAAN ao ~{ 


§ ARGV KREVER a PILL, muemmmnniik HIN TKN UN 


; = 
re . 


CMOLY VAN LLLLLLLL ganas sais re ann 
: <a 
= — 


WF007983 
Note: 1. MWTC is valid at this point only if CMDLY is LOW. 





3-152 


SWITCHING WAVEFORMS (Cont'd.) 


80L286 ASYNCHRONOUS INPUT 80L286 RESET INPUT TIMING AND 
SIGNAL TIMING SUBSEQUENT PROCESSOR CYCLE PHASE 


oe 
Oo 
rE 
ied 
eo 
om 


BUS CYCLE TYPE 


ak 


WF009930 


1. PCLK indicates which processor cycle WF007930 
phase will occur on the next CLK. PCLK 
may not indicate the correct phase until Note 1: When RESET meets the set-up time 
the first bus cycle is performed. shown, the next CLK will start or re- 
. These inputs are asynchronous. The set- peat $1 of a processor cycle. 
up and hold times shown assure recogni- 
tion for testing purposes. 


EXITING AND ENTERING 





(SEE NOTE 3.) 


(a ee a 


WF009943 


Notes: 1. These signals may not be driven by the 80L286 during the time shown. The worst case in terms of latest float 
time is shown. 
2. The data bus will be driven as shown if the last cycle before T; in the diagram was a write Tc. 
3. The 80L286 floats its status pins during Ty. External 20 kQQ resistors keep these signals high. 
4. BHE and LOCK are driven at this time but will not become valid until Ts. 
5. The data bus will remain in three-state OFF if a read cycle is performed. 
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SWITCHING WAVEFORMS (Cont'd.) 
80L286 PEREQ/PEACK TIMING REQUIRED PEREQ TIMING FOR ONE TRANSFER ONLY 


BUS CYCLE TYPE 
Tt 1s Tc 1s 


Vou d at 2 (1) «a at a 
ie t_/ 


Veu VO READ iF PROC. EXT. TO MEMORY MEMORY WRITE IF PROC. EXT. TO MEMORY 
MEMORY READ If MEMORY TO PROC. EXT. Y oc tassel 


MEMORY ADORESS € PROC. EXT. TO MEMORY TRANSFER 
VO PORT ADDRESS OOFA(H) IF MEMORY TO PROC. EXT. TRANSFER 


wi 2 ) CD 


COOANTA \_T vo PORT ADDRESS OOFA(H) IF PROC. EXT. TO MEMORY TRANSFER 
3 MEMORY ADDRESS IF MEMORY TO PROC. EXT. TRANSFER 
(SEE NOTE 1) 


(SEE NOTE 2.) 6 (3) 
penco TA ATLL LLL LLL LLL 


WF007953 


ASSUMING WORD-ALIGNED MEMORY OPERAND; IF ODD ALIGNED, 80L286 TRANSFERS TO/FROM 
MEMORY BYTE-AT-A-TIME WITH TWO MEMORY CYCLES. 

Notes: 1. PEACK always goes active during the first bus operation of a processor extension data operand transfer se- 
quence. The first bus operation will be either a memory read at operand address or |/O read at port address 
OOFA(H). 

. TO prevent a second processor extension data operand transfer, the worst case maximum time (shown above) 
is: 3x@-@max-@min. The actual, configuration dependent, maximum time is: 3x @-@max-@min + Ax2x@. 
A is the number of extra T. states added to either the first or second bus operation of the processor extension 
data operand transfer sequence. 


INITIAL 80L286 PIN STATE DURING RESET 


BUS CYCLE TYPE 


AT LEAST 
16 CLK PERIOOS 


® 
YO» yy» 


() 
oF HOLD IS NOT ACTIVE (SEE NOTE 4) 


a 


WF007962 


Notes: 1. Setup time for RESET 1 may be violated with the consideration that $1 of the processor clock may begin one 
system CLK period later. 
2. Setup and hold times for RESET | must be met for proper operation, but RESET 4 may occur during $1 or ¢2. 
3. The data bus is only guaranteed to be in three-state OFF at the time shown. 
4. HOLD is acknowledged during RESET, causing HLDA to go active and the appropriate pins to float. If HOLD 
remains active while RESET goes inactive, the 80L286 remains in HOLD state and will not perform any bus 
accesses until HOLD is deactivated. 
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82284 and 82288 EMULATION IN 
AN IBM PC/AT COMPUTER USING 
TWO AmPAL16R8 DEVICES 


Two AmPAL16R8 devices and four TTL pack- 
ages generate the signals necessary to run an 
80286 system at speeds up to 16 MHz. This 
reduces the cost and improves the speed of the 
80286 micro-system. The first PAL device, 
AmPAL284, is used to emulate the 82284 Clock 
Driver and Ready Interface functions. The second 
PAL device, AmPAL288, is used to emulate the 
82288 Bus Controller functions. This application 
generates the signals used in most non-multibus 
80286 systems. The design has been tested in an 
AT computer. These PAL devices are not pin- for- 
pin compatible with the parts they emulate nor do 
they generate all the signals that an 80286 can use 
including some Multibus signals. | However, 


applications requiring additional signals can be 
designed by adding additional circuitry. 


The simplified Block Diagram (Figure 1) shows the 
relationship of the PAL devices to the AT compu- 
ter. Figure 2 is the schematic diagram of the 
emulator and Table | shows the AT interface wiring 
chart. 


The PAL device equations are written in ABEL and 
are included in this application note. The source 


code, the reduced equations, and a fuse map are 
included for each PAL device. 


AmPAL284 
EMULATING 


08479B-001 


The AmPAL284 Description 


A crystal oscillator is used to generate a clock at 
twice the 80286's internal clock speed. The PAL 
device is clocked with the inverted CPU clock. The 
Output Enable pin is grounded so that it always 
generates the output signals. The Reset signal is 
buffered with a Schmitt trigger 74LS14 so that an 
RC circuit can be used to provide a time delay. 
Following the Schmitt trigger, a 74F74 flip-flop is 
used to synchronize to the inverted CPU clock. 
The Ready Enables of the 82284 are connected 
together on the AT design and are connected to 
the RDYEN pin of the AmPAL284. The ARDY 
signal is synchronized to the inverted 80286 clock. 
The latched ready LARDY and the SRDY are 
sampled to generate the READY to the 80286. 


The state machine shown in Figure 3 is used to 
generate the TS and the TC states. This state 
machine has four states, IDLE, TS2, TC1, and 
TC2. The state machine requires registered 
outputs QO and Q1 to implement the four states. 
The state machine goes to TS2 state when either 
SO or S1 goes LOW, signalling the start of a bus 
cycle (refer to Table 2 and Figure 4). The ALE 
signal goes active (HIGH) for TS2 state and then 
goes inactive. On the next clock the state machine 
goes to TC1 state making DEN and DT/R signals 
active. The next clock causes the state machine to 
go to state TC2. The state machine either goes to 
IDLE, making DEN_and DT/R inactive if RDY is 
active, or to TC1 if RDY is not active. The state 
machine must return to TC1, if RDY is not active, to 
keep an even number of clock cycles for each 
inserted TC state. 


AmPAL288 
EMULATING 
82288 


Figure 1. Block Diagram 
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Technical Reprint 


vcc 


2 Poon 
1 


74AS240 


rt 


CNTL OFF 


CMDLY 
80286 CPU 


CPU HLDA 


08479B-002 


Figure 2. Schematic Diagram of the 82284 and 82288 Emulator 


Table 1. Emulator to IBM PC/AT Interface Wiring Chart 


Emulator Board Devices (Pin Nos.) 
AmPAL284 | AmPAL288 | 74F74 74AS240 | 74S02 


Socket Pins 
on AT Board 


- SRDY (7) 
( RDYEN (6) 
READY (4) READY (12) 
CLK (10) 
RES. (11) 
RESET (12) 


82288 (Pin No.) 
Si (3) (3) 51 (3) 
ALE (5) 

MB (6) MB (11) 
CMDLY (7) 
MRDBC 


MWTC (9) 
[OWC (11) 
[ORC (12) 


Out (18) 


MRDG (19) 
MWTC (18) 


INTA (13) 
CEN (15) 
DEN (16) 
DT/R (17) 
M/TO (18) 
50 (19) 


3.6.7 TBLI-A 


CEN (5) 
DT/R (18) 


5 (2) 


INTA (15) 


M/S (4) 
56 (2) 
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Table 2. Command and Control Outputs for Each Type of Bus Cycle 


Type of MiIO 50 | Command DT/R ALE, DEN 
Bus Cycle Activated State Issued 


Interrupt 
Acknowledge 


+ 
i") 
© 
s 
= 
oO 
= 
v 
iw) 

x) 
= 
=] 
- 


I/O Read 

I/O Write 
None; idle 
Halt/ Shutdown 
Memory Read 
Memory Write 


None; idle 
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Figure 3. AmPAL State Machine 
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Technical Reprint 


The RCMD signal goes active when the SO and S1 
signals decode a Read or Interrupt Acknowledge 
cycle. This signal is used by the DT/R signal to 
control the trannsmit or the receive direction of the 
data transceivers and by the AmPAL288. The 
Command and Control outputs for each type of 
bus cycle are given in Table 2. Figure 3 shows the 
cycle timing. 


The AmPAL284 source program listing, the 
reduced equations, and the JEDEC fuse map are 
shown in Figures 6 , 7 and 8. 


The AmPAL288 Description 


The. AmPAL288 uses the QO, Q1, SO, $1, and 
M/lO inputs to latch the state of the current cycle. 
As shown in the PAL equations, these signals are 
internal signals and are not used by the AT. The 
RCMD signalis an input and WCMD, MEM, and INT 


08479A 3-212 


are intemally generated. With these latched 
signals and CMDEN, the following five commands 
are generated |OWC, IORC, INTA, MRDC, and 
MWTC. These commands are only enabled when 
the MB signal is LOW. When MB goes HIGH the 
commands are high impedance (off). 


The AmPAL288 source program listing, reduced 
equations, and the JEDEC fuse map are shown in 
Figures 9, 10 and 11. 


PAL Device Selection 


AmPAL16R8B speed devices are required for 
operation at 16 MHz and12.5 MHz. For 10 MHz 
and slower operations, AmPAL16R8A speed 
devices are adequate. The specifications on any 
faster 80286 are not established at this time, but 
the PAL device solution can support faster 
operations with faster PAL devices. 


| IDLE 


= eee 


* TC cycle continues until RDY is sampled LOW 


Figure 4. Cycle Timing Diagram 
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Critical Timing 


The 16 MHz 80286 systems Clock Period (ty) is 
31ns and AmPAL16R8 setup time is 13ns (B- 
speed) or 10ns (D-speed). Therefore, Status 
Active Delay (ty2,) is the parameter that dictates 
which PAL device to use. To guarantee the proper 
setup time, use B-speed PAL devices. A 
74AS240 or 74F240 must also be used in this 
design to invert the clock and generate a 2ns 
delay. Figure 5 shows the timing of this design. If, 
however, Status Active Delay (tyo4) were to 
increase to >20ns, then D-speed PAL devices 
would be required for this design. 


Design Capabilities 


This PAL device design provides the signals 
necessary for an IBM PC/AT system, but does not 
fully emulate the 82284 and the 82288. An 
oscillator is not included, therefore, an external 
crystal oscillator must be used. The clock requires 
a pull-up resistor to meet the VOH of the 80286. 
Multibus operation is not performed. PCLK and 
MCE signals are not generated. _The READY 
signal is not open-collector. The ARDYEN and 
SRDYEN signals would have to be externally 
gated, if they are required. 





CLK | | | || || 


CLK 


ty - 80286 System Clock Period 
t12q — 80286 Status Active Delay 
ts - AMPAL16R8 Setup Time 


TPLH — 74AS240 Propagation from LOW input to 
HIGH output. 


General equation: 






08479B-005 


PAL samples here 


Assuming status active delay = 18ns 


31ns = 18ns + ts(PAL device) — 2ns(min) 


ts = 31ns— 18ns + 2ns 
ts=15ns 


or less is required for the AmMPAL16R8 setup 
time. 


Figure 5. Timing Diagram 
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Technical Reprint 


flag '-R2'; 
title 


'PALI6R8 


PAL DEVICE LOGIC EQUATION 


82284 PAL device emulation for the AT 


COPYRIGHT 1986 ADVANCED MICRO DEVICES, INC. Doug Kern 8/13/86' 


PAL284 device 'P16R8'; 


“declarations 


TRUE,FALSE = 1,0; 


HIGH,LOW = 1,0; 


X,Z,C = .X.,.Z.,.C.; 


GND,VCC 


pin 10,20; 


CLK,SO,S1,MB,CEN,RDYEN,SRDY,LARDY,RESET,EN 
pint ,2,3,4,5,6,7,8,9,11; 


DEN,DT_R,ALE,RCMD,Q0,Q1,AR,RDY 


pin 


19,18,17,16,15,14,13,12; 


QSTATE = [Q1,Q0];"STATE MACHINE REGISTERS 


"STATE ASSIGNMENTS 


IDLE= “B11; 
TS2= *B10; 
TC1= “BOO 
TC2= “B01; 


STATE_DIAGRAM QSTATE 


STATE IDLE: 


STATE TS2: 
STATE TC1: 


STATE TC2: 


CASE :‘TS2; 
‘TS2; 
‘IDLE; 

ENDCASE; 

GOTO 


GOTO 


CASE 
ENDCASE; 


Figure 6. AmPAL284 Source Program Listing 


(contunied on next page) 
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EQUATIONS 


!IDT_R 


(continued) 


:=!RCMD & Q1 & !Q0 


#IDT_R & !Q1 & !Q0 
# IDT_R & !Q1 & QO & RDY; 


= Q1 & QO & !S1 & !SO "INTA 
#Q1 & Q0 & !S1 & SO "READ 
# IRCMD & Q1 & !Q0 

# IRCMD & !Q1 & !Q0 

# IRCMD & !Q1 &Q0 & RDY; 


= ISRDY & IRDYEN & S1 & SO 
# ILARDY & IRDYEN & S1 & SO 
# RESET; 


= Q1 &!Q0 & IMB & CEN 
#!Q1 & !Q0 & IMB & CEN 
#!Q1 & QO & IMB & CEN & RDY 
#Q1 &!Q0 & MB & ICEN 
#!Q1 & !Q0 & MB & ICEN 
#1Q1 & QO & MB & ICEN & RDY; 


= Q1 & Q0 & !S1 
# Q1&Q0 & !S0; 


Figure 6. AmPAL284 Source Program Listing 
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Technical Reprint 


ABEL(tm) Version 1.00 - Document Generator 26-Aug-86 
PAL16R8 PAL DEVICE LOGIC EQUATION 
82284 PAL device emulation for the AT 

COPYRIGHT 1986 ADVANCED MICRO DEVICES, INC. Doug Kern 8/13/86 
Equations for Module AMD 


Device PAL284 


Reduced Equations: 


Qt: ((RDY & 101 & QO # 10); 


Q0 ‘= (!S1 & Q1 
# (!SO & Q1 
# (RDY & !1Q1 & Q0 
# Q1 & !Q0)))); 


\((RDY & !1Q1 & IDT_R 
# (IRCMD & Q1 & !Q0 
#!Q1 & !Q0 & !DT_R))); 


K(!S1 & Q1 & QO 
# (RDY & IRCMD & !Q1 
# IRCMD & !Q0))); 


(ISRDY & S1 & SO & IRDYEN 
#(S1 & SO & IRDYEN & !ARDY 
# RESET): 


\((RDY & !Q1 & IMB & CEN 
# (RDY & !Q1 & MB & ICEN 
# (100 & IMB & CEN 

# !Q0 & MB & !CEN)))); 


((S1 & SO # (!1Q1 # 1Q0))); 


Figure 7. AmPAL284 Reduced Equations 
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ABEL(tm) Version 1.00 
JEDEC file for: P16R8 

Created on: 26-Aug-86 

PAL16R8 

82284 PAL Device emulation for the AT 


COPYRIGHT 1986 ADVANCED MICRO DEVICES, INC. 


QP20* QF2048* 

L0000 
11111111101101111111111011111101 
14111111011110111111111011111101 
11111111101101111110111111111111 
11141111011110111110111111111111 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
11111110911111111111111011111101 
111191111111111101110110111111111 
111114110919111111110111011111111 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
011101191441991919191911111111111 
1941441991919111111111111011111111 
1414491919119111911101911117111111 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
14111011111111111101110111111111 
11191911111111101111111011111101 
111941411911111101110111111111111 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
11411011111111111111110111111111 
1014119411119111111111110111111111 


PAL DEVICE LOGIC EQUATION 


111911111111111111101111011111101 
1414191119111111111110110111111111 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
11191119111411111101111011111101 
1914191919111991111110111111111111 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
01110111111111111011101111111111 
01110111411111111011111110111111 
41491919911111119911111111110111 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000* 
C4D0B* 

C8A0 


Figure 8. AmPAL284 JEDEC Fuse Map 
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Technical Reprint 


flag '-R2’; 


title 

‘PAL16R8 PAL DEVICE LOGIC EQUATION 
82288 emulation PAL device for the AT 

COPYRIGHT 1986 ADVANCED MICRO DEVICES, INC. Doug Kern 8/13/86' 


PAL288 device 'P16R8'; 
"declarations 


TRUE,FALSE = 1,0; 
HIGH,LOW = 1,0; 
X,Z,C = .X.,.Z.,.C.; 


GND,VCC 
pin 10,20; 


CLK,S0,S1,M_lO,CMDEN,RCMD,RDY,Q1,Q0,MB 
pin 1,2,3,4,5,6,7,8,9,11; 


MRDC,MWTC,IORC,IOWC,INTRA,MEM,INT,WCMD 
pin 19,18,17,16,15,14,13, 12; 


EQUATIONS 


= IMEM & IRCMD & Q1 & 1Q0 & CMDEN 
# IMEM & IRCMD & !Q1 & !Q0 & CMDEN 
# IMEM & IRCMD & !Q1 & Q0 & RDY & CMDEN; 


= IMEM & IWCMD & Q1 & !Q0 & CMDEN 
# IMEM & IWCMD & !Q1 & 1Q0 & CMDEN 
# IMEM & IWCMD & !Q1 & QO & RDY & CMDEN; 


= MEM & INT & IRCMD & Q1 & !1Q0 & CMDEN 
# MEM & INT & IRCMD & !Q1 & !Q0 & CMDEN 
# MEM & INT & IRCMD & !Q1 & QO & RDY & CMDEN; 


= MEM & IWCMD & Q1 & !Q0 & CMDEN 
# MEM & IWCMD & !Q1 & !Q0 & CMDEN 
# MEM & IWCMD & !Q1 & QO & RDY & CMDEN; 


INTRA ‘= SINT & Q1 & !1Q0 & CMDEN 
# INT & !1Q1 & !1Q0 & CMDEN 
# INT & 1Q1 & QO & RDY & CMDEN; 


= Q1&Q0&M_10 &!S1 & SO 
# Q1&Q0 &M_10&S1 & !SO 
# IMEM & Q1 & !Q0 

# IMEM & !Q1 & !Q0 

# IMEM & !1Q1 & Q0 & RDY; 


Figure 9. AmPAL288 Source Program Listing 
(continued next page) 
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= Q1& Q0& IM_l0 & !S1 & !SO 
# INT & Q1 & !Q0 

# INT & !1Q1 & !Q0 

# IINT & !1Q1 & QO & RDY; 


= Q1&Q0&S1&!S0 

# IWCMD & Q1 & !Q0 

# IWCMD & !Q1 & !Q0 

# IWCMD & !Q1 & Q0 & RDY; 


Figure 9. AmPAL288 Source Program Listing (continued) 
Reduced Equations: 
MRDC := !((RDY & IRCMD & !Q1 & IMEM & CMDEN 


# IRCMD & !Q0 & IMEM & CMDEN)); 


MWTC := I((IWCMD & RDY & !Q1 & IMEM & CMDEN 
# IWCMD & !Q0 & IMEM & CMDEN)); 


IORC :=|((RDY & IRCMD & !Q1 & MEM & INT & CMDEN 


# IRCMD & !Q0 & MEM & INT & CMDEN)); 


IOWC. := I((IWCMD & RDY & !Q1 & MEM & CMDEN 
# IWCMD & !Q0 & MEM & CMDEN)); 


INTRA := !((RDY & !Q1 & INT & CMDEN # !Q0 & !INT & CMDEN)); 


MEM :=(((IS1 & SO &Q1 & Q0 &M_1O 
#(S1 & 'SO0&Q1&Q0&M_I0 
# (RDY & !Q1 & IMEM 
# !Q0 & IMEM)))): 


= ((IS1 & SO & Q1 & QO &IM_IO 
# (RDY & !Q1 & INT 
# !Q0 & IINT))); 


WCMD <= |((S1 & !SO & Q1 & QO 
# (IWCMD & RDY & !Q1 
# IWCMD & !Q0))); 


Figure 10. AmPAL288 Reduced Equations 
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Technical Reprint 


ABEL(tm) Version 1.00 

JEDEC file for: P16R8 

Created on: 26-Aug-86 

PAL16R8 

82288 emulation PAL device for the AT 


COPYRIGHT 1986 ADVANCED MICRO DEVICES, INC. 


QP20* QF2048* 

LO000 
14111111111101111011011010111111 
11111111111101111011111011111011 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
11111111111101111111011010111110 
1141111111141101111111111011111010 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
19111111111101111011010110011111 
14111111111101111011110111011011 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
11119111111101111111010110111110 
11141111111101111111110111111010 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
19111111111101111111011110101111 
1491919191111011411111111111101011 


PAL DEVICE LOGIC EQUATION 


00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
01111011011111111111111101110111 
101101110111111411111111101110111 
19449119119111111111011010111111 
444949111991111114119111111011111011 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
101411011101111111111111101110111 
4141141914911191111111011110101114 
1444119999119191411111111111101011 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
10110111111111111111111101110111 
1491919991191911111111011110111110 
114191919919191119111111111111111010 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000* 
C45A1* 

C83F 


Figure 11. AmPAL288 JEDEC Fuse Map 
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8080A/Am9080A 


8-Bit Microprocessor 


DISTINCTIVE CHARACTERISTICS 


@ High-speed version with 1.3usec instruction cycle 
@ Military temperature range operation to 1.5usec 
@ lton-implanted, n-channel, silicon-gate MOS technology 


@ 3.2mA of output drive at 0.4V (two full TTL loads) 
@ 700mvV of high, 400mV of low level noise immunity 
@ 820mW maximum power dissipation at +5% power 


GENERAL DESCRIPTION 


The 8080A products are complete, general-purpose, single- 
chip digital processors. They are fixed instruction set, 
parallel, 8-bit units fabricated with Advanced N-Channel 
Silicon Gate MOS technology. When combined with exter- 
nal memory and peripheral devices, powerful microcompu- 
ter systems are formed. The 8080A may be used to perform 
a wide variety of operations, ranging from complex arithme- 
tic calculations to character handling to bit control. Several 
versions are available offering a range of performance 
options. 


The processor has a 16-bit address bus that may be used 
to directly address up to 64K bytes of memory. The memory 
may be any combination of read/write and read-only. Data 
are transferred into or out of the processor on a bi- 
directional 8-bit data bus that is separate from the address 
lines. The data bus transfers instructions, data and status 
information between system devices. All transfers are 


handled using asynchronous handshaking controls so that 
any speed memory or I/O device is easily accommodated. 


An accumulator plus six general registers are available to 
the programmer. The six registers are each 8 bits long and 
may be used singly or in pairs for both 8- and 16-bit 
operations. The accumulator forms the primary working 
register and is the destination for many of the arithmetic 
and logic operations. 


A general purpose push-down stack is an important part of 
the processor architecture. The contents of the stack 
reside in R/W memory and the control logic, including a 16- 
bit stack pointer, is located on the processor chip. Subrou- 
tine call and return instructions automatically use the stack 
to store and retrieve the contents of the program counter. 
Push and Pop instructions allow direct use of the stack for 
storing operands, passing parameters and saving the 
machine state. 


vos06wv/vos0s 





BLOCK DIAGRAM 


BUS BUFFER 


INSTRUCTION 
REGISTER 
INSTRUCTION 
OECODER 


TIMING 
TIMING AND 
CONTROL 
LINES CONTROL LOGIC 


INTERFACE 


ADORESS BUFFER 
CONTROL 


LINES AODRESS BUS 
(16 BITS) 


SELECT LOGIC 


REGISTER ARRAY 
STACK POINTER 
PROGRAM COUNTER 
AOORESS LATCHES 


ACCUMULATOR TEMPORARY 
REGISTER REGISTER 
FLAG REGISTER 


ALU 
ARITHMETIC AND LOGIC UNIT 


oe 
| 


BD003800 


Publication # Rev. Amendment 
04123 B /0 
Issue Date: May 1987 





8080A/Am9080A 


AN0 
(GND) Vgg 


03 

02 

o1 

oo 
(-5.0V)Vgg 
RESET 
HOLO 

INT 

¢2 


WR 
SYNC 
(+6.0V) Veg 


CONNECTION DIAGRAM 
Top View 


a3 
Vpp(+12V) 
a2 


HLOA 


CD005573 


Note: Pin 1 is marked for orientation. 
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ORDERING INFORMATION - 8080A 


AMD commodity products are available in several packages and operating ranges. The order number (Valid Combination) is formed 
by a combination of: a. Temperature Range 

b. Package Type 

c. Device Number 

d. Speed Option 

e. Optional Processing 
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8080A 


e. OPTIONAL PROCESSING 
Blank = Standard Processing 
B = Burn-in 
d. SPEED OPTION 
Blank = 2 MHz 
~2=2.6 MHz 
-1=3.1 MHz 
c. DEVICE NUMBER/DESCRIPTION 
8080A 
8-Bit Microprocessor 
b. PACKAGE TYPE 
P = 40-Pin Plastic DIP (PD 040) 
D = 40-Pin Ceramic DIP (CD 040) 
a. TEMPERATURE RANGE* 


Blank = Commercial (0 to + 70°C) 
| = Industrial (-40 to +85°C) 





Valid | ss Valid Combinations Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations, to check on newly released valid combinations, 

and to obtain additional data on AMD's standard military 


grade products. 
8080A-1B 


*This device is also available in Military temperature range. 
See MOS Microprocessors and Peripherals Handbook (Order 
#09275A/0) for electrical performance characteristics. 
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8080A/Am9080A 


ORDERING INFORMATION - Am9080A 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Package Type 

d. Temperature Range 

e. Optional Processing 


AMS080A -1 D Len 


; DEVICE NUMBER/DESCRIPTION 


. OPTIONAL PROCESSING 
Blank = Standard processing 
B = Burn-in 


. TEMPERATURE RANGE* 
C = Commercial (0 to + 70°C) 
|= Industrial (-40 to +85°C) 


. PACKAGE TYPE 
P = 40-Pin Plastic DIP (PD 040) 
D = 40-Pin Ceramic DIP (CD 040) 


. SPEED OPTION 
Blank = 2 MHz 

-2=2.6 MHz 

-1=3.1 MHz 


Am9080A 
8-Bit Microprocessor 


Valid Combinations Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 


sales office to confirm availability of specific valid 
: combinations, to check on newly released combinations, and 
to obtain additional data on AMD's standard military grade 

products. 





*This device is also available in Military temperature range. 
See MOS Microprocessors and Peripherals Handbook (Order 
#09275A/0) for electrical performance characteristics. 
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PIN DESCRIPTION 


TYPE | PINS | ABBREVIATION SIGNAL 
INPUT =| 3 | Vop, Voc, Ves ‘| + 12V, +5V, -5V Supplies 


Ea = 
Pourrur [16 [Avast aeons 
Poureur [+P wTe | nterupe Erato 
Pourrur [+ | oaw | Date 8s m Conta 
Poureur [1 [war [wat 


| Pino. | Names | vo _| Description 
22. 415 ont The Clock inputs provide basic timing generation for all internal operations. They are non-overlapping two 
; 11 P2 phase, high level signals. All other inputs to the processor are TTL compatible. 
The Reset input initializes the processor by clearing the program counter, the instruction register, the interrupt 
RESET enable flip-flop and the hold acknowledge flip-flop. The Reset signal should be active for at least three clock 
periods. The general registers are not cleared. 


The Hold input allows an external signal to cause the processer to relinquish control over the address lines 
13 HOLD and the data bus. When Hold goes active, the processor completes its current operation, activates the HLDA 

output, and puts the 3-state address and data lines into their high-impedance state. The Holding device can 

then utilize the address and data busses without interference. 

The Ready input synchronizes the processor with external units. When Ready is absent, indicating the external 

READY operation is not complete, the processor will enter the Wait state. It will remain in the Wait state until the clock 

cycle, following the appearance of Ready. 

The Interrupt input signal provides a mechanism for external devices to modify the instruction flow of the 

program in progress. Interrupt requests are handled efficiently with the vectored interrupt procedure and the 

general purpose stack. Interrupt processing is described in more detail on the next page. 


10-7, 107,96 | Door | D Eat Data Bus is comprised of 8 bidirectional signal lines for transferring data, instructions and status 
Door | 7 [Wek Tren: between the processor and all external units. 


a cay "ae 1, Soe The Address Bus is comprised of 16 output signal lines used to address memory and peripheral devices. 
19 SYNC The Sync output indicates the start of each processor cycle and the presence of processor status information 
on the data bus. 
17 The Data Bus In output signal indicates that the bidirectional data bus is in the input mode and incoming data 
may be gated onto the Data Bus. 
WAIT The Wait output indicates that the processor has entered the Wait state and is prepared to accept a Ready 
from the current external operation. 


Es |; a Ge The Write output indicates the validity of output on the data bus during a write operation. 


HLDA The Hold Acknowledge output signal is a response to a Hold input. It indicates that processor activity has been 
suspended and the Address and Data Bus signals will enter their high-impedance state. 


INTE The Interrupt Enable output signal shows the status of the interrupt enable flip-flop, indicating whether or not 
the processor will accept interrupts. 
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8080A/Am9080A 


8080A/Am9080A INSTRUCTION SET 


The instructions executed by the 8080A are variable length 
and may be one, two or three bytes long. The length is 
determined by the nature of the operation being performed 
and the addressing mode being used. 


The instruction summary shows the number of successive 
memory bytes occupied by each instruction, the number of 
clock cycles required for the execution of the instruction, the 
binary coding of the first byte of each instruction, the mnemon- 
ic coding used by assemblers and a brief description of each 
operation. Some branch-type instructions have two execution 
times depending on whether the conditional branch is taken or 
not. Some fields in the binary code are labeled with alphabetic 
abbreviations. That shown as vw is the address pointer used 
in the one-byte Call instruction (RST). Those shown as ddd or 
sss designate destination and source register fields that may 
be filled as follows: 


111 A register 
000 B register 
001 C register 
010 D register 
011 E register 
100 H register 
101 L register 
110 Memory 


The register diagram shows the internal registers that are 
directly available to the programmer. The accumulator is the 
primary working register for the processor and is a specified or 
implied operand in many instructions. All 1/O operations take 
place via the accumulator. Registers H, L, D, E, B and C may 
be used singly or in the indicated pairs. The H and L pair is the 
implied address pointer for many instructions. 


The Flag register stores the program status bits used by the 
conditional branch instructions: carry, zero, sign and parity. 
The fifth flag bit is the intermediate carry bit. The flags and the 
accumulator can be-stored on or retrieved from the stack with 
a single instruction. Bit positions in the flag register when 
pushed onto the stack (PUSH PSW) are: 


7 6 5 4 3 2 1 0 
| s | z jo fev] o | P| ft fovea | 


Where S = sign, Z = zero, CY1 = intermediate carry, 
P = parity, CY2 = carry. 


REGISTER DIAGRAM 


ACCUMULATOR 8 


L REGISTER 


E REGISTER 


H REGISTER 
D REGISTER 
B REGISTER C REGISTER 
PROGRAM COUNTER 


STACK POINTER 


During Sync time at the beginning of each instruction cycle, 
the data bus contains operation status information that de- 
scribes the machine cycle being executed. Positions for the 
status bits are: 


7 | 6 5 4 3 2 1 0 
fwewnl we [wi [out [acral sri | WO [NTA | 
STATUS DEFINITION: 


INTA Interrupt Acknowledge. Occurs in response to an 


Interrupt input and indicates that the processor will 
be ready for an interrupt instruction on the data 
bus when DBIN goes true. 


Write or Output indicated when signal is LOW. 
When HIGH, a Read or Input will occur. 


Stack indicates that the content of the stack 
pointer is on the address bus. 


Halt Acknowledge. 

Output instruction is being executed. 
First instruction byte is being fetched. 
Input instruction is being executed. 
Memory Read operation. 


wo 
STK 


HLTA 
OUT 
M1 
INP 
MEMR 


INTERRUPT PROCESSING 


When the processor interrupt mechanism is enabled 
(INTE = 1), interrupt signals from external devices will be 
recognized unless the processor is in the Hold State. In 
handling an interrupt, the processor will complete the execu- 


- tion of the current instruction, disable further interrupts and 
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respond with INTA status instead of executing the next 
sequential instruction in the interrupted program. 


The interrupting device should supply an instruction opcode to 
the processor during the next DBIN time after INTA status 
appears. 


Any opcode may be used except XTHL. If the instruction 
supplied is a single byte instruction, it will be executed. (The 
usual single byte instruction utilized is RST.) If the interrupt 
instruction is two or three bytes long, the next one or two 
processor cycles, as indicated by the DBIN signal, should be 
used by the external device to supply the succeeding byte(s) 
of the interrupt instruction. Note that INTA status from the 
processor is not present during these operations. 


If the interrupt instruction is not some form of CALL, it is 
executed normally by the processor except that the Program 
Counter is not incremented. The next instruction in the 
interrupted program is then fetched and executed. Notice that 
the interrupt mechanism must be re-enabled by the processor 
before another interrupt can occur. 


If the interrupt instruction is some form of CALL, it is executed 
normally. The Program Counter is stored and control trans- 
ferred to the interrupt service subroutine. The routine has 
responsibility for saving and restoring the machine state and 
for re-enabling interrupts if desired. When the interrupt service 
is complete, a RETURN instruction will transfer control back to 
the interrupted program. 





Op Code No. of Clock 
7|6|5|4|3[2|t/0 Bytes Cycles 


DATA TRANSFER 


mooooocoocoococeodo°os 
-coococoooo0ccoocoaaa4 
m~oooooooo+--+-+0aa 00 
eoooooccoeoecnv°o0°o0o~-=e848 
Onsen ns DOODOan nw wun niin wo 
=-~ooooH#442-4000 00008 

as = WOWWHHOW| @ ONN Aa = 


ares 
a 
ares 
oo 
ouw 
oo 
— 
= 


_ 
os 
coo 
oe 
o- 
oo 

~~ 


0000 
0110 
0100 
0010 
0000 
1100 
1110 
1010 
1000 
0011 
0111 
0101 
0011 
0001 
1101 
14141 
10114 
1001 
0010 
0110 
0100 
0010 
0000 
1100 
1110 
1010 
1000 
1010 


11 
10 
10 
10 
10 
10 
10 
10 
10 
01 
00 
00 
00 
00 
00 
00 
00 
00 
o1 
00 
00 
00 
00 
00 
00 
00 
00 
01 


jae St et SP SP] S222 000 O DOWD HWOWOHWWOWWA® 


< 
< 
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INSTRUCTION SET SUMMARY 


Instruction 
Description 


Move register to register 
Move register to memory 
Move memory to register 
Move to register, immediate 
Move to memory, immediate 
Load Ace, direct 

Load Ace, indirect via B & C 
Load Acc, indirect via D & E 
Load H & L, direct 

Load H & L, immédiate 

Load D & E, immediate 

Load B & C, immediate 

Load stack pointer, immediate 
Store H&L, direct 

Store Acc, direct 

Store Acc, indirect via B & C 
Store Acc, indirect via D & E 
Transfer H & L to stack 
pointer 

Exchange D & E with H & L 
Exchange top of stack with H 
&L 

Input to Ace 

Output from Acc 


Halt and enter wait state 
Set carry flag 
Complement carry flag 
Enable interrupts 

Disable interrupts 

No operation 


Jump unconditionally 
Jump on carry 
Jump on no carry 
Jump on zero 
Jump on not zero 
Jump on positive 
Jump on minus 
Jump on parity even 
Jump on parity odd 
Call unconditionally 
Call on carry 
Call on no carry 
Call on zero 
Call on not zero 
Call on positive 
Call on minus 
Call on parity even 
Call on parity odd 
Return unconditionally 
Return on carry 
Return on no carry 
Return on zero 
Return on not zero 
Return on positive 
Return on minus 
Return on parity even 
Return on parity odd 
Jump unconditionally, 
indirect via H & L 
Restart 


Op Code 


ARITHMETIC 


STAC! 
11 


A 


OPERATIONS 


—~]200232-400 
-~Oo-t-O-0-+-0 
oooocoo0o°o 


oooose.s4-4 
ooooocoo 


LOGICAL 


oooooo 
—--=-9000 


aera 
-00 
are 
tak ke 
°eoo 
—o 

ao 
ooe 
poo 
NNA 


_ 
~s 
= 


eoeoo0o0o+---— 
oooo0oo+-oo0 
ecoooaaaa 
=-=C200448-4 
=o-n02444 
sean nnn 
ae oe eo 
ea a a ono.) 
aeons 
hphaPDAANNA 


INCREMENT/DECREMENT 


= 


ooooooo0co°odce 
oooooo0ooo0co0o0o09o 
=s—O0-a44 0 O-0 
—-e—sesOoQacdocdc°ca 
oooor-+-o0o000——4— 
ee i a 
we eo ot OOO 
— 
Aannoaannaaon 


"O27 O70 =0—-0-a 
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No. of Clock Assembly 
(7|6|5|4|3|2|/1|0 Bytes Cycles Mnemonic 


PUSH B 
PUSH D 
PUSH H 
PUSH PSW 
POP B 
POP D 
POP H 
POP PSW 





Instruction 
Description 


Add register to Acc 

Add with carry register to Acc 
Add memory to Acc 

Add with carry memory to Acc 
Add to Acc, immediate 

Add with carry to Acc, 
immediate 

Double add B& CtoH&L 
Double add D& EtoH&L 
Double add H&L toH &L 
Double add stack pointer to H 
&Ll 

Subtract register from Acc 
Subtract with borrow register 
from Acc : 
Subtract memory from Acc 
Subtract with borrow memory 
from Acc 

Subtract from Acc, immediate 
Subtract with borrow from Acc, 
immediate 

Decimal adjust Acc 


yvos06wy/vosos 


Push registers B & C on stack 
Push registers OD & E on stack 
Push registers H & L on stack 
Push Acc and flags on stack 

Pop registers B & C off stack 
Pop registers D & E off stack 
Pop registers H & L off stack 
Pop Acc and flags off stack 





And register with Acc 

And memory with Acc 

And with Acc, immediate 
Exclusive or register with Acc 
Exclusive Or memory with Acc 
Exclusive Or with Acc, 
immediate 

Inclusive Or register with Acc 
Inclusive Or memory with Acc 
Inclusive Or with Acc, 
immediate 

Compare register with Acc 
Compare memory with Acc 
Compare with Acc, immediate 
Compliment Acc 

Rotate Acc left 

Rotate Acc right 

Rotate Acc left through carry 
Rotate Acc right through carry 


Increment register 
Increment memory 
Increment extended B & C 
Increment extended D & E 
Increment extended H & L 
Increment stack pointer 
Decrement register 
Decrement memory 
Decrement extended B & C 
Decrement extended D & E 
Decrement extended H & L 
Decrement stack pointer 
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ABSOLUTE MAXIMUM RATINGS 
-65°C to + 150°C 


OPERATING 
Commercial (C) Devices 
Temperature (Ta) 
Supply Voltage (Vcc) 


RANGES 


Storage Temperature 

All Input or Output Voltages 
With Respect to Veg 

Veco, Vop and Vsg With 
Respect to Veg -0.3V to +20V 

Power Dissipation ........cccceccccecscscnesesecseseeeecsceseces 1.5W 


-0.3V to +20V 


Industrial (1) Devices 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 


maximum ratings for extended periods may affect device Operating ranges define those limits between which the 


reliability. 


functionality and parameters of the device are guaranteed. 


DC CHARACTERISTICS over operating ranges unless otherwise specified 


Description 


Output Low Voltage 
Output High Voltage 


Avg. Power Supply 
Current (Vpp) 
Avg. Power Supply 
Current (Vcc) 


Avg. Power Supply Current (Vgp) 


Parameter 


ViLC 
ve 


IDD(AV) 


ICC(AV) 
ae 


Input Leakage 
Clock Leakage 


Data Bus Leakage in Input Mode 
Address and Data Bus Leakage 
During HOLD 


See Section 6 for Thermal Characteristics Information. 





a 
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Test Conditions 


lo. = 1.9mA on all outputs, 
loH = -150pA. 


operation 
Toy = .48usec 


Vss < Vin < Veco 


‘Vss < Vetock < Vop 


Vss < Vin S< Vss + 0.8V 
Vss +0.8V < Vin < Voc 


VADDR/DATA = Vcc 
VADDR/DATA = Vss + 0.45V 
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CAPACITANCE (Ta = 25°C, Vcc = Vop = Vss = OV, Veg = -5V) 


[Parameters] Description [Test Conaltions] Typ. | Max. | Units 
[cy | Glock Capacitance [ig=t wre | 7 | 2 | of | 
cw | tnput Capacitance _|Unmeaswed Pins _| 6 | 10 | pf _ 
cour | Output Capacitance [Retuned to Ves | 10| 20 | of 


Notes: 1. The RESET signal must be active for a minimum of 3 clock cycles . 
2. Al supply / ATs =-0.45%/°C. 


SWITCHING TEST LOAD CIRCUIT 


DEVICE 
UNDER 
TEST 


Cy = 100pF 
CL INCLUDES JIG CAPACITANCE 





TC001840 
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SUPPLY CURRENT 


1.0 


0.5 


0 +25 +50 +7 


AMBIENT TEMPERATURE (°C) 


OP001690 


Typical Supply Current vs. 
Temperature, Normalized 2] 


SWITCHING TEST INPUT/OUTPUT WAVEFORM 





WF007450 
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SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified 


exept __ test contons_|tn ie tin iso 


tcy [3] Clock Period 0.48 | 2.0 | 0.32] 2.0 [0.38] 2.0 | usec | 
Clock Rise and Fall Time | o | 50 | o | 25 | 0 | 50 Jnsec | 
$1 Pulse Wrath reo [so] [eo | —_|nseo| 






¢2 Pulse Width p20} fas] ftzs] [nsec | 
= Delay $1 to ¢2 po} fof fof [nsec | 
Delay ¢2 to $1 p70} {eo} [70] [nsec | 
Delay $1 to ¢2 Leading Edges pao] | eof | 70] [nsec 
tDa Address Output Delay From ¢o | [200] [150] _| 175 [nsec | 
Data Output Delay From $2 | [200] [180] | 200 [nsec | 


WR to Float Delay 
Address Hold Time After DBIN during HLDA 


twe 
taH 





ev [Cok Peed SSSCSC~C~S 
Pit | Glock Rise and Fall Time ——SSSCSC~™ 
Pigs os uso Wats SSCSC~S~S 
Tigo |e Pulse Wieth SSCS 
toy | Delay $0 2 SSCS 
Ptoe i Delay go too SSCS 
Fina | Delay 61 t0 6 Leading Edges ——SSSCSC—~* 
[toa Address Output Delay From do 
top [Data Output Delay From gS 
. Lede eel ees 
(SYNC, WR, WAIT, HLDA) 
ae [sao | 5 [100] 2 | 140 [nsec | 
toil [ Delay for Input Bus to Enter Input Mode r [tor | [tor | [tor [nsec 
tos; ___[ Data Setup Time During 4 and DBIN | rot [ao] [a nse] 
Pose | Data Setup Timo to go During DN ___—_—| Fis] [20 | [190 | nsec | 
Pion! [Data Hold time From 62 Dung DBIN—* ref PoP | |rsec 
Pie [INTE Output Delay From 6a SSSS*dC = 0 P[a00[ | a00| [200 | nsec 
Pts READY Setup Time Dung d ———SSSC—~S zo] [oot [eo] |neec | 
rao] | r20{ [20] nsec 
ris [INT Setup Time Ouring 62 ——SSSC—~S™ F20 |_| 100 | [100 | |nsec 
Pty [Hold Time From ¢2 (READY, INT, HOLD) | of fo] fo | Jrsce | 
Ppa [azo | [120 Jase | 
rer] pre] rar | nsec | 
rer |_—[rer [161 | |e | 
raf | om [ Js | 
OL = 100pF: Adsress, Data Fim] Tay |_| iat | [nse 
L = S0pF: WR, HILDA, PBINT ey ter |_| te) |_| nsoo| 
[WA to Float Delay SSCS—~S 
[Address Hold Time Ator DBIN during HLOA 


Notes: (Parenthesis gives -1, -2 specifications, respective- 
ly) 


1. Data input should be enabled with DBIN status. No 
bus conflict can then occur and data hold time is 


b) Output delay when measured to 3.0V = SPEC 

_ +60ns @ C_ = SPEC. 

c) If CL = SPEC, add .6ns/pF if CL >Cspec, subtract 
.3ns/pF (from modified delay) if CL < Cspgc. 


assured. tp = 50 ns or tpg, whichever is less. 4. taw = 2tcy -tp3-trg2- 140 ns (-1:110 ns, -2:130 ns). 
9. tcy = toa + trg2 + tga + tiga + to2 + trot > 480 ns 5. tow = tcy - tos ~ trg2 - 170 ns (-1:150 ns, ~2:170 ns). 
(-1:320 ns, —2:380 ns). 6. If not HLDA, twp = twa = tpg + trg2 + 10 ns. If HLDA, 


two = twa = twr. 
TYPICAL A OUTPUT DELAY VS. A CAPACITANCE 7. tHe = tpg + try - 50 ns). 
8. twe = tpg + trg2-10 ns. 


9. Data in must be stable for this period during DBIN 
T3. Both tps; and tps2 must be satisfied. 


10. Ready signal must be stable for this period during 
To or Tw. (Must be externally synchronized.) 


11. Hold signal must be stable for this period during To 
or Tw when entering hold mode, and during Ts, Ta, 
Ts and TwuH when in hold mode. (External synchro- 


A OUTPUT DELAY (ns) 





A CAPACITANCE (pf) nization is not required.) 
(Cactuat ~ Cspec) 12. Interrupt signal must be stable during this period of 
OP001810 the last clock cycle of any instruction in order to be 


recognized on the following instruction. (External syn- 


3. The following are relevant when interfacing the 8080A chronization is not required.) 


to devices having Viq = 3.3V: 
a) Maximum output rise time from .8V to 13. This timing diagram shows timing relationships only; 
3.3V = 100ns @ C_ = SPEC. it does not represent any specific machine cycle. 
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SWITCHING WAVEFORMS 


This chart presents relative timing waveform relationships and does not show actual processor operating cycles. 


Note: Clock ''1' = 8.0V, "0" = 1.0V; Inputs ''1'' =3.3V, ''0'' = 0.8V; Outputs ‘1 = 2.0V, "0" = 0.8V. 
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CLOCK SWITCHING CHARACTERISTICS over operating range unless otherwise specified 


Am9080A-1, | Am9080A-2, 
8080A-1 8080A-2 
Parameters Description min | 
tcy 


a 
idiot Times | 
Pe SSCd oot se Wnt [8 
pedo 92 se wrt ita 
YX 
[toe SCSC~C~iCSCSC to gH OH ———SCSCSC~*d=C 
a 


CLOCK WAVEFORM DETAIL 


j——— 5; —»| 


|~—— t2 —___»| 


———- tp 3 ——_—__»= | 


—| to1}——_ —_ 


WF007440 


tcy = tpg + trea + tga + tiga + toa + trg1 
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8085AH 


8-Bit Microprocessor 


DISTINCTIVE CHARACTERISTICS 


3 and 5 MHz selections available 

On-chip system controller; advanced cycle status infor- 
mation available for large system control 

Four vectored interrupts (one is non-maskable) 
On-chip clock generator (with external crystal, LC or 
R/C network) 

Serial in/seria! out port 


Decimal, binary and double precision arithmetic 
Direct addressing capability to 64K bytes of memory 
1.3us instruction cycle (8085AH) 

0.8us instruction cycle (8085AH-2) 

100% software compatible with 8080A 

Single +5V power supply 


GENERAL DESCRIPTION 


The 8085AH is a new generation, complete 8-bit parallel 
central processing unit (CPU). Its instruction set is 100% 
software compatible with the 8080A microprocessor. Spe- 
cifically, the 8085AH incorporates all of the features that 
the 8224 (clock generator) and 8228 (system controller) 
provided for the 8080A. The 8085AH-2 is a faster version of 
the 8085AH. The 8085AH is a 3MHz CPU with 10% supply 
tolerances and lower power consumption. 


The 8085AH uses a multiplexed Data Bus. The address is 
split between the 8-bit address bus and the 8-bit data bus. 
The on-chip address latches of 8155H/56H memory prod- 
ucts allow a direct interface with 8085AH. The 8085AH 
components, including various timing compatible support 
chips, allow system speed optimization. 


BLOCK DIAGRAM 


INTR WTA RSTSS RST6S RST7.5 TRAP so soo 


ae | eee ey 


TEMP. REG. | 
8 , 
rac 
FUP-FLOPS 


ARITHMETIC 


INSTRUCTION 
REGISTER 


UJ 


INSTRUCTION 
DECODER ANO 


MACHINE 
CYCLE 
ENCODING 


DATA/ADORESS BUFFER ‘* 


U 


A07-AD0 
ADORESS DATA BUS 


BD003780 


Publication # Rev. Amendment 
04125 B 


Issue Date: May 1987 





HVS808 





8085AH 


CONNECTION DIAGRAM 
Top View 
DIPs 


CD005564 


Note: Pin 1 is marked for orientation. 


Figure 1. 


ORDERING INFORMATION 


Commodity Products 


AMD commodity products are available in several packages and operating ranges. The order number (Valid Combination) is formed 
by a combination of: a. Temperature Range 

b. Package Type 

c. Device Number 

d. Speed Option 

e. Optional Processing 


8085 
_ e. OPTIONAL PROCESSING 
Blank = Standard processing 
B = Burn-in 
d. SPEED OPTION 
Blank = 3MHz 
-2 = 5MHz 
c. DEVICE NUMBER/DESCRIPTION 
8085A 8-Bit Microprocessor 
8085AH Low-Power High Vcc Tolerance 8-Bit Microprocessor 
b. PACKAGE TYPE 
P = 40-Pin Plastic DIP (PD 040) 
D = 40-Pin Ceramic DIP (CD 040) 
a. TEMPERATURE RANGE* 


Blank = Commercial (0 to + 70°C) 
| = Industrial (-40 to + 85°C) 


Valid |“ Valid Combinations 


Valid Combinations 
Valid Combinations list configurations planned to be supported in 
volume for this device. Consult the local AMD sales office to confirm 
availability of specific valid combinations, to check on newly released 
valid combinations, and to obtain additional data on AMD's standard 
military grade products. 
*This device is also available in Military temperature range. See MOS 
Microprocessors and Peripherals Military Handbook (Order #09275A/0) 
for electrical performance characteristics. 


8085AB 
8085AHB 
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PIN DESCRIPTION 


| Pino. | Name | vo | Description 


© 
=) 
© 
a 
> 
= 


Si ca 
12-19 ADO-AD7 


0 


a = ee 


INTR 


INTA 


Pr 
oe 


TRAP 


RESET IN 


RESET OUT 


S 


Nee 


Address Bus. The most significant eight bits of the memory address or the eight bits of the I/O address, 3- 
stated during Hold and Halt modes and during RESET. 


Multiplexed Address/Data Bus. Lower eight bits of the memory address (or !/O address), appears on the bus 
during the first clock cycle of a machine cycle. It then becomes the data bus during the second and third clock 
cycles. Three-stated during Hold and Halt modes. 


Address Latch Enable. it occurs during the first clock cycle of a machine cycle and enables the address to get 
latched into the on-chip latch of peripherals. The falling edge of ALE is set to guarantee set-up and hold times 
for the address information. The falling edge ALE can also be used to strobe the status information. ALE is 
never 3-stated. 


Machine Cycle Status: 


Status 
Memory write 
Memory read 
1/0 write 

1/O read 
Opcode fetch 
Interrupt Acknowledge 
Halt 

Hold 

Reset 

* = three-state (high impedance) 

X = unspecified 


S1 can be used as an advanced R/W status. 10/M, So and S; become valid at the beginning of a machine 
cycle and remain stable throughout the cycle. The falling edge of ALE may be used to latch the state of these 
lines. 


READ. A low level on RD indicates the selected memory or I/O device is to be read and that the Data Bus is 
available for the data transfer. Three-stated during Hold and Halt and during RESET. 


WRITE. A low level on WR indicates the data on the Data Bus is to be written into the selected memory or I/O 
location. Data is set up at the trailing edge of WR. Three-stated during Hold and Halt modes. 


If READY is HIGH during a read or write cycle, it indicates that the memory or peripheral is ready to send or 
receive data. If READY is LOW, the CPU will wait an integral number of clock cycles for READY to go HIGH 
before completing the read or write cycle. 


HOLD. Indicates that another Master is requesting the use of the Address and Data Buses. The CPU, upon 
receiving the Hold request, will relinquish the use of buses as soon as the completion of the current machine 
cycle occurs. Internal processing can continue. The processor can re: gain the buses only after the Hold is 
removed. When the Hold is acknowledged, the Address, Data, RD, WR and 1O/M lines are three-stated. 


HOLD ACKNOWLEDGE. Indicates that the CPU has received the Hold request and that it will relinquish the 
buses in the next clock cycle. HLDA goes LOW after the Hold request is removed. The CPU takes the buses 
one half clock cycle after HLDA goes LOW. 


INTERRUPT REQUEST. Is used as a general purpose interrupt. It is sampled only during the next to the fast 
clock cycle of the instruction. If it is active, the Program Counter (PC) will be inhibited from incrementing and an 
INTA will be issued. During this cycle a RESTART or CALL instruction can be inserted to jump to the interrupt 
service routine. The INTR is enabled and disabled by software. It is disabled by Reset and immediately after an 
interrupt is accepted. 


INTERRUPT ACKNOWLEDGE. Is used instead of (and has the same timing as) RD during the Instruction cycle 
after an INTR is accepted. It can be used to activate the Am9519A Interrupt chip or some other interrupt port. 


RESTART INTERRUPTS. These three inputs have the same timing as INTR except they cause an internal 
RESTART to be automatically inserted. 


+ eoaaoe? 
=| 


xxXOnA 30480 
xxOn 2020-8 


RST 7.5 — Highest Priority 
RST 6.5 
RST 5.5 > Lowest Priority 


The priority of these interrupts is ordered as shown above. These interrupts have a higher priority than the 
INTR. However, they may be individually masked out using the SIM instructions. 


Trap interrupt is a non-maskable restart interrupt. It is recognized at the same time as INTR. It is unaffected by 
any mask or [nterrupt Enable. It has the highest priority of any interrupt. 


Reset sets the Program Counter to zero and resets the Interrupt Enable and HLDA flip-flops. None of the other 
flags or registers (except the instruction register) is affected. The CPU is held in the reset condition as long as 
RESET is applied. 


Indicates CPU is being reset. Can be used as a system RESET. The signa! is synchronized to the processor 
clock. 


Crystal, LC or R/C network connections to set the internal clock generator. X1 can also be an external clock 
input instead of a crystal. The input frequency is divided by 2 to give the internal operating frequency. 


Clock Output for use as a system clock when a crystal or R/C network is used as an input to the CPU. The 
period of CLK is twice the X1, X2 input period. 


Seria! input data line. The data on this line is loaded into accumulator bit 7 whenever a RIM instruction is 
executed. 





Serial output data line. The output SOD is set or reset as specified by the SIM instruction. 
+5 volt supply. 
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Interrupt Priority, Restart Address, and Sensitivity 


Address Branched To (1) 
Name Priority When ee Occurs aaa Trigger 
TRAP fo oa | Hs | Rising edge AND high level unt sampled, | edge AND high level until sampled. 
INTR | 5 See Note (2) High level until sampled. 


Notes: 


1. The processor pushes the PC on the stack before branching to the indicated address. 


2. The address branched to depends on the instruction provided to the cpu when the interrupt is 
acknowledged. 


RESET IN 
Ry Cy 
cc TYPICAL POWER-ON RESET RC VALUES* 
Ry = 75 KN 
C, = 1 uF 
“VALUES MAY HAVE TO VARY DUE TO 
APPLIED POWER SUPPLY RAMP UP TIME. 


TC004230 


Power-On Reset Circuit 
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DETAILED DESCRIPTION 


The 8085AH is a complete 8-bit parallel central processor. It is 
designed with N-channel depletion loads and requires a single 
+5 volt supply. Its basic clock speed is 3MHz (6MHz: 8085AH- 
2/6MHz: 8085AH-1), thus improving on the present Am9080's 
performance with higher system speed. Also, it is designed to 
fit into a minimum system of three ICs: the CPU, a RAM/IO, 
and a ROM or PROM/IO chip. 


The 8085AH uses a multiplexed Data Bus. The address is split 
between the higher 8-bit Address Bus and the lower 8-bit 
Address/Data Bus. During the first cycle, the address is sent 
out. The lower eight bits are latched into the peripherals by the 
Address Latch Enable (ALE). During the rest of the machine 
cycle, the Data Bus is used for memory or !/O data. 


The 8085AH provides RD, WA and |O/Memory signals for bus 
control. An Interrupt Acknowledge signal (INTA) is also 
provided. Hold, Ready and all Interrupts are synchronized. The 
8085AH also provides serial input data (SID) and serial output 
data (SOD) lines for simple serial interface. 


In addition to these features, the 8085AH has three maskable, 
restart interrupts and one non-maskable trap interrupt. 


8085AH vs. 8080A/Am9080A 


The 8085AH includes the following features on-chip in addi- 
tion to all of the Am9080A functions: 


a. Internal clock generator 

b. Clock output 

c. Fully synchronized Ready 

d. Schmitt action on RESET IN 

e. RESET OUT pin 

f. RD, WR and |O/M, So, S; Bus Control Signals 
g. Encoded Status information 

h. Multiplexed Address and Data 

i. Direct Restarts and non-maskable interrupt 

j. Serial Input/Output lines 


The internal clock generator requires an external crystal or R/ 
C network. It will oscillate at twice the basic CPU operating 
frequency. A 50% duty cycle, two-phase, non-overlapping 
clock is generated from this oscillator internally, and one 
phase of the clock (¢2) is available as an external clock. The 
8085AH directly provides the external RDY synchronization 
previously provided by the 8224. The RESET IN input is 
provided with a Schmitt action input so that power-on reset 
only requires a resistor and capacitor. RESET OUT is provided 
for System RESET. 


The 8085AH provides RD, WR, So, S; and IO/M signals for 
Bus control. An INTA which was previously provided by the 
8228 in 8080A/AmS9080A systems is also included in 8085AH. 


Status Information 


Status information is directly available from the 8085AH. ALE 
serves as a Status strobe. The status is partially encoded and 
provides the user with advanced timing of the type of bus 
transfer being done. |O/M cycle status signal is provided 
directly also. Decoded SO, Si carries the following status 
information: 
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MACHINE CYCLE STATUS 


Si SO STATUS 


Memory write 
Memory read 

1/0 write 

1/O read 

Opcode fetch 
Interrupt Acknowledge 
Halt 

Hold 

Reset 


<x™_Kortetzwa O- OO 
xx oOoO-r-A- 070-4 


- 3-state (high-impedance) 
X unspecified 


S1 can be interpreted as R/W in all bus transfers. 


In the 8085AH the eight LSB of address are multiplexed with 
the data instead of status. The ALE line is used as a strobe to 
enter the lower half of the address into the memory or 
peripheral address latch. This also frees extra pins for 
expanded interrupt capability. 


Interrupt and Serial 1/0 


The 8085AH/8085AH-2 has 5 interrupt inputs: INTR, RST 5.5, 
RST 6.5, RST 7.5 and TRAP. INTR is identical in function to 
the 8080A INT. Each of three RESTART inputs, 5.5, 6.5, 7.5, 
has a programmable mask. TRAP is also a RESTART interrupt 
except it is non-maskable. 


The three RESTART interrupts cause the internal execution of 
RST (saving the program counter in the stack and branching 
to the RESTART address) if the interrupts are enabled and if 
the interrupt mask is not set. The nonmaskable TRAP causes 
the internal execution of a RST independent of the state of the 
interrupt enable or masks. 
Name 

TRAP 

RST 5.5 

RST 6.5 3446 

RST 7.5 3Ci6 


There are two different types of inputs in the restart interrupts. 
RST 5.5 and RST 6.5 are high level-sensitive like INTR (and 
INT on the 8080A) and are recognized with the same timing as 
INTR. RST 7.5 is rising edge-sensitive. For RST 7.5, only a 
pulse is required to set an internal flip-flop which generates the 
internal interrupt request. The RST 7.5 request flip-flop re- 
mains set until the request is serviced. Then it is reset 
automatically. This flip-flop may also be reset by using the SIM 
instruction or by issuing a RESET IN to the 8085AH. The RST 
7.5 internal flip-flop will be set by a pulse on the RST 7.5 pin 
even when the RST 7.5 interrupt is masked out. 


RESTART Address (Hex) 
2416 
2016 


The status of the three RST interrupt masks can only be 
affected by the SIM instruction and RESET IN. 


The interrupts are arranged in a fixed priority (that determines 
which interrupt is to be recognized if more than one is 
pending) as follows: TRAP - highest priority, RST 7.5, RST 6.5, 
RST 5.5, INTR — lowest priority. This priority scheme does not 
take into account the priority of a routine that was started by a 
higher priority interrupt. RST 5.5 can interrupt a RST 7.5 
routine if the interrupts were re-enabled before the end of the 
RST 7.5 routine. 
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The TRAP interrupt is useful for catastrophic errors, such as 
power failure or bus error. The TRAP input is recognized just 
as any other interrupt but has the highest priority. It is not 
affected by any flag or mask. The TRAP input is both edge- 
and level-sensitive. The TRAP input must go HIGH and remain 
HIGH to be acknowledged, but will not be recognized again 
until it goes LOW, then HIGH again. This avoids any false 
triggering due to noise or logic glitches. The following diagram 
illustrates the TRAP interrupt request circuitry within the 


EXTERNAL | 80854 
TRAP 


TRIGGER INTERRUPT 


REQUEST 


INTERNAL TRAP FF 


TRAP 
ACKNOWLEDGE 
AF003070 
Note that the servicing of any interrupt (TRAP, RST 7.5, RST 


6.5, RST 5.5, INTR) disables all future interrupts (except 
TRAPs) until an El instruction is executed. 


The TRAP interrupt is special in that it preserves the previous 
interrupt enable status. Performing the first RIM instruction 
following a TRAP interrupt allows you to determine whether 
interrupts were enabled or disabled prior to the TRAP. All 
subsequent RIM instructions provide current interrupt enable 
status. 


The serial |/O system is also controlled by the RIM and SIM 
instructions. SID is read by RIM, and SIM sets the SOD data. 


Driving the X1 and X2 Inputs 


The user may drive the X1 and X2 inputs of the 8085AH or 
8085AH-2 with a crystal, an external clock source or an R/C 
network as shown below. The driving frequency must be twice 
the desired internal operating frequency (the 8085AH would 
require a 6MHz crystal for 3MHz internal operation). 


PARALLEL RESONANT 
CRYSTAL (30pF LOADING) 


TC001960 


1-6MHz 
Input Frequency 


The 20pF capacitor is required to guarantee oscillation at the 
proper frequency during system start-up. Capacitance from Xo 
to Ground should not exceed 20pF. 


Ux, 


X2 
TC001980 


<3 MHz 
Input Frequency 


RC Mode causes a Jarge drift in clock frequency because of 
the variation in on-chip timing generation parameters. Use of 
RC Mode should be limited to an application which can 
tolerate a wide frequency variation. 


25 TO 50% 
DUTY CYCLE 
AT 6MHz. 


*X2 Left Floating 
TC001970 


1-6 MHz 
Input Frequency 


AT 6MHz 


TC001990 


<6 MHz 
Input Frequency 


Note: Duty cycle refers to the percentage of 
the clock input cycle when Xj, is high. 


Figure 2. Driving the Clock Inputs (X1 and X2) of 8085AH 





Generating 8085AH Wait State 


The following circuit may be used to insert one WAIT state in 
each 8085AH machine cycle. 


The D flip-flops should be chosen such that 
@ CLK is rising edge-triggered and 
@ CLEAR is low-level active. 


TO 
8085AH 
READY 
INPUT 


AF003081 


Figure 3. Generation of a Wait State for 8085AH CPU 


Basic System Timing 


The 8085AH has a multiplexed Data Bus. ALE is used as a 
strobe to sample the lower 8 bits of address on the Data Bus. 
Figure 4 shows an instruction fetch, memory read and !/O 
write cycle (OUT). Note that during the I/O write and read 


Table 1. 8085AH Machine Cycle Chart 


msm [wm 
WRITE 
1/O READ 


(OF) o| 1 1 
(MR) 1 
(MW) 1 
(1OR) 1 
1/O WRITE (lOW) o| 1 
ACKNOWLEDGE 
OF INTR (INA) ti 4 0 
BUS IDLE (Bl): DAD 1 
ACK. 
OF 
RST, 
TRAP 1 1 1 
HALT T|TS| 1 


MACHINE CYCLE 


OPCODE 
FETCH 
MEMORY 
READ 
MEMORY 


cycle that the I/O port address is copied on both the upper 
and lower half of the address. 


As in the Am9080A, the READY line is used to extend the read 
and write pulse lengths so that the 8085AH can be used with 
slow memory. Hold causes the CPU to relinquish the bus when 
it is through with it by floating the Address and Data Buses. 


Table 2. 8085AH Machine State Chart 


| _ Status a Buses | Controt_—_ | 
msec] mT 


X 
X 
X 
Xx 
1 
1 
1 
X 
0 
xX 


see eee KKK SG 


ecoo0eoco0occot 


0 = Logic "0" 
1 = Logic "1" 


TS = High Impedance 
X = Unspecified 


"ALE not generated during 2nd and 3rd machine cycles 
of DAD instruction. 


+ |O/M=1 during T4-Tg of INA machine cycle. 
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(Low DX) DATA FROM OATA FROM MEMORY DATA TO MEMORY 
ADDRESS) MEMORY (VO PORT ADDRESS) OR —— 


; (INSTRUCTION) . 


sos sane EYE 


WF007350 


Figure 4. 8085AH Basic System Timing 


vss vcc 


gi jie 

Plt 
(kro, STANDARD 
MEMORY 


VO PORTS, 
CONTROLS 


AF003091 


Figure 5. System Using Standard Memories 





Mnemonic* 


8085AH INSTRUCTION SET SUMMARY 


Description 


MOVE, LOAD AND STORE 


MOVr1r2 
MOV Mr 
MOV rM 
MVI r 
MVI M 
LXI B 
LXI D 
LXI_H 
LXt SP 
STAX B 
STAX D 
LDAX B 
LDAX D 
STA 
LDA 
SHLD 
LHLD 
XCHG 


STACK OPS 


PUSH B 
PUSH D 
PUSH H 
PUSH PSW 
POP B 
POP D 
POP H 
POP PSW 
XTHL 
SPHL 


JUMP 


RPE 
RPO 


RESTART 
RST 
INPUT/OUTPUT 


IN 
OUT 


Move register to register 

Move register to memory 

Move memory to register 

Move immediate register 

Move immediate memory 

Load immediate register Pair B & C 
Load immediate register Pair D & E 
Load immediate register Pair H & L 
Load immediate stack pointer 

Store A indirect 

Store A indirect 

Load A indirect 

Load A indirect 

Store A direct 

Load A direct 

Store H & L direct 

Load H & L direct 

Exchange D & E, H & L Registers 


in stack 


Push register Pair Co 
E on stack 
L 


B& 
Push register Pair D & 
Push register Pair H & L on stack 
Push A and Flags on stack 
Pop register Pair B & C off stack 
Pop register Pair D & E off stack 
Pop register Pair H & L off stack 
Pop A and Flags off stack 
Exchange top of stack H & L 
H & L to stack pointer 


Jump unconditional 

Jump on carry 

Jump on no carry 

Jump on zero 

Jump on no zero 

Jump on positive 

Jump on minus 

Jump on parity even 
Jump on parity odd 

H & L to program counter 


Call unconditional 
Call on carry 

Call on no carry 
Call on zero 

Call on no zero 
Call on positive 
Call on minus 

Call on parity even 
Call on parity odd 


Return 

Return on carry 
Return on no carry 
Return on zero 
Return on no zero 
Return on positive 
Return on minus 
Return on parity even 
Return on parity odd 


Restart 


Input 
Output 
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Instruction Code (Note 1) 


D7 D6 D5 D4 D3 D2 D1 DO 


~oo00000 00000000000 


ee ee ee ee ee ee ee aoe ree ee es Gree ee Cree Cer ee 


ae ee a a ee ee 


-m-ooooo0ooo0o0oo °coo°o°oe-a4— 


oe ee ee ee ee ee ee 


Bae42440000=3-00-00-0 


aes =-OO000 =-4344532Q0O000 awe 2 OO-=-00 


aa ee OOCOCO 


ooo-]=]0-0+0;0+00-0 


oo-+-00+-+- 90 ooo-+-00-"=-- O -_-OoO+-0O+-"0-0--0 


oo+--00+-+-0 


~={0-0-=C0000000000 


ow-00=30-— -OoO- 3000-0 -coo0qoo0o0o0oco0oo 


oOoe=s2O O04 —-4 


ooocoooo0o0o°0000++-anMn 


ooooo0oo+--++— 


oooooococ°c0o0o 


ooooco0c°oc°o°o 


ae ewe ett 4 OO0O0-—4=-70n 


eoooco°cewco Oa eta atet enna omooo0ocoo0°o 


eooo0o0°o°c0e°o 


m~ooo0oocoo°ec0H4++-00 00% 


ooooo0o°co -mooooo°oc0oo4 


eooo000°o°o- 


Clock Cycles 
(Note 2) 
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8085AH INSTRUCTION SET SUMMARY (Cont'd.) 


Instruction Code (Note 1) Clock Cycles 


Mnemonic* Description ; D7 D6 D5 D4 D3 D2 Di DO (Note 2) 


INCREMENT AND DECREMENT 


INR r Increment register 

DCR r Decrement register 

INR M Increment memory 

DCR M Decrement memory 

INX B increment B & C registers 
INX D Increment D & E registers 
INX H Increment H & L registers 
INX SP Increment stack pointer 
DCX B Decrement B & C 

DCX D Decrement D & E 

DCX H Decrement H & L 

DCX SP Decrement stack pointer 


ADD 


ADD r Add register to A 

ADC r Add register to A with carry 

ADD M Add memory to A 

ADC M Add memory to A with carry 

ADI Add immediate to 

ACI Add immediate to 
H 
H 


200000000000 
2eOCCORCCOD000 
4+200+-+=00--0900 
+020+0-0-- 900 
4a4a=00000000 
oRokokokokokokor ere 
tana naun0000 
ee eee ee ho eo) 
MAMDMMHHOSOHA 


with carry 
DAD B Add B & C to L 
DAD D Add D & E to L 
DAD H Add H&LtoH &L 


DAD SP Add stack pointer to H & L 


SUBTRACT 


SUB r Subtract register from A 

SBB r Subtract register from A with borrow 
SUB M Subtract memory from A 

SBB M Subtract memory from A with borrow 
SUI Subtract immediate from A 

SBI Subtract immediate from A with borrow 


LOGICAL 


ANA ¢ And register with A 

XRA r Exclusive Or register with A 
ORA r Or register with A 

CMP r Compare register with A 
ANA M And memory with A 

XRA M Exclusive Or memory with A 
ORA M Or memory with A 

CMP M Compare memory with A 
ANI And immediate with A 

XRI Exclusive Or Immediate with A 
ORI Or immediate with A 

CPI Compare immediate with A 


ROTATE 


RLC Rotate A left 
RRC Rotate A right 
RAL Rotate A left through carry 
RAR Rotate A right through carry 


SPECIALS 


CMA Complement A 
STC Set carry 

CMC Complement carry 
DAA Decimal adjust A 


CONTROL 


Ei Enable Interrupts 
DI Disable Interrupts 
NOP No operation 
HLT Halt 


NEW 8085AH INSTRUCTIONS 


RIM Read Interrupt Mask 
SIM Set Interrupt Mask 


Notes: 1. DDD or SSS: 8 = 000, C=001, D=010, E=011, H= 100, L=101, Memory = 110, A= 111. 
2. Two possible cycle times (6/12) indicate instruction cycles dependent on condition flags. 


A 

A 
& 
& 
& 


COD0OAa4a2444 
eoo000--c0000 
|==O00000000 
4=O-0000000 
awe oe oe st O73 0-0 
CO0C0Oaa232)0 
Co000=]4=4=4f7M1 
=-4=3320900000% 
SCOOONNNNDD 


NNNNA DS 


awe st OOOCOCCOOCO 
=4900= {900-3 = 0 0 


2-O- 0-0-0009 


ame Basar ii Qynnn 
SPODDDDDCOHMHNMNH 
NNANNNNN NR RBA 


Mnemonics copyright© Intel Corporation 1977 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature -65°C to +150°C 

Voltage on Any Pin Commercial (C) Devices 
With Respect to Ground -0.5V to +7V Temperature (Ta) 

Power Dissipation ..........cccccccsscscctsscscsssssseseceseeees 1.5W Supply Voltage (Vcc) 


Stresses above those listed under ABSOLUTE MAXIMUM S0b or. BREE 
: ; tare 8085AH, 8085AH-2 
RATINGS may cause permanent device failure. Functionality 
pes eke Supply Current (icc) 
at or above these limits is not implied. Exposure to absolute B085A. B085A-2 
maximum ratings for extended periods may affect device ; 
reliability. 
Industrial (1) Devices 
Temperature (Ta) 
Supply Voltage (Vcc) 
Supply Current (Icc) 
Operating ranges define those limits between which the 
functionality of the device is guaranteed. 


DC CHARACTERISTICS (8085A, 8085A-2) over operating range unless otherwise specified 


“parameters [Description | Teot Conditions [Win [Wax [Unite _| 
[vin] Wrest tow vonage ——SCidTSSCSCSC~C~—SCSCSCS 0's] ve | 
Vin input igh Voge Sd SCS «dC ts | 
[Vor [Output Low Votage | osama —SOSC~—SCS SSC~‘“C~*~‘d Cis ST 
[Von] Output High Votage | ton=-a00uh_——S—CSi Sv dT SCCdTC Cr 
[icc | Power Supply Curent it SSSCSCSCSCSSCSC*dSCO dm 
a A OS 
: 

[Vin | Input Low Level RESET CSC~*d 


input High Lovel, RESET SS eee i 


1 VHy ss Hysteresis, RESET 


DC CHARACTERISTICS (8085AH, 8085AH-2) over operating range unless otherwise specified 


[Parameters [Description | Test Conditions [Win [Max [Unite _| 
[van] treat tow Vonage sd —SCSSC~CSCSSSSTC*YY rs | tr | 
[Vin input High Votage SST SSCSCSCSC~SSSCS Ci *dSC 0 | 
F Vor} Output Low Votage | to-ama—SS~—~—CST SSC‘ Ss | Cd 
[Von | “Output High Votage” | ton=-a0uua_———S—S—id Sr CT VY 
[icc | Power Supply Current] @085AH, e065AH2 einen Ne a (ee Vaal 
TW 
[uo | Output Leakage | 0asv<vour<voo_ Sid SSSSCdY CO 
ug tow Lover RESET Cd ro Pd 
ST ee AO eee een Lr 1 
a ea ee 


SWITCHING TEST INPUT/OUTPUT WAVEFORM SWITCHING TEST LOAD CIRCUIT 


2.0 


> TEST POINTS < 
: TEST 
: 0.8 
is I 


WF009540 = 
A.C. TESTING: INPUTS ARE DRIVEN AT 2.4V FOR A LOGIC "1" TC001841 


AND 0.45V FOR A LOGIC "0." TIMING MEASUREMENTS ARE CL = 150pF 
MADE AT 2.0V FOR A LOGIC "1" AND 0.8V FOR A LOGIC "0." Cr INCLUDES JIG CAPACITANCE 


C, = 150 pF 





See Section 6 for Thermal Characteristics Information. 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 





s0ssal2], AH 8085A-2[], AH-2 


Parameters Description 


CLK Cycle Period 

LK Low Time (Standard CLK Loading) 
LK High Time (Standard CLK Loading) 
LK Rise and Fall Time 

1 Rising to CLK Rising 

Xz Rising to CLK Falling 

tac Ag.15 Valid to Leading Edge of Control 
tac. Ao.7 Valid to Leading Edge of Control 
taD Ao.15 Valid to Valid Data In 


t Address Float After Leading Edge of 
AFR READ (INTA) 


t Ag.15 Valid Before Trailing Edge of ALE 
tALL Ao.7 Valid Before Trailing Edge of ALE 
taRy READY Valid from Address Valid 


tcyc 2000 
40 
20 
tr te 
{XKR 
tXKF 


x 


_ 
-_ 
a 


120 100 


~ 
Oo 


ie) 
N 
3 


> 
NO 
aR 
=) 


115 
575 


—< 


100 


tow Data Valid to Trailing Edge of WRITE 420 
HLDA to Bus Enable 

Bus Float After HLDA 

LDA Valid to Trailing Edge of CLK 

HOLD Hold Time 

HOLD Set-up Time to Trailing Edge of CLK 
INTR Hold Time 


INTR, RST, and TRAP Set-up Time to 
Falling Edge of CLK 


Address Hold Time After ALE 


t Trailing Edge of ALE to Leading Edge 
Le of Control 


tLOK ALE Low During CLK High 100 
tLoR ALE to Valid Data During Read 
{lbw ALE to Valid Data During Write 
tLL ALE Width 140 
tLRY ALE to READY Stable 


Trailing Edge of READ to Re-Enabling 
of Address 


READ (or INTA) to Valid Data 


t Control Trailing Edge to Leading Edge 
AV of Next Control 


Ica Address (Ag.15) Valid After Control 120 ae 
t Width of Control Low (RD, WR, INTA) 400 
cc Edge of ALE 
Trailing Edge of Control to Leading Edge 
toL of ALE 50 25 ns 


tHABE 

tHABF 

tHACK 

tHDH . 
tHDS 

tiINH 


150 


= 


ph 
°o 


— 


70 


+ 


2 


o 


a 


a 
o 


270 


= 
$4) 
° 


{RAE 





400 


Data Hold Time After READ INTA a ae 

READY Hold Timo oo 
two Data Valid After Trailing Edge of WRITE 100 

LEADING Edge of WRITE to Data Valid fF 


Notes: 1. Ag-Ay5 address Specs apply to IO/M, So, and Sy, except Ag- Ais are undefined during T4-Te of OF cycle; whereas, 1O/M, So, 
and Sj are stable. 


2. Test conditions: tcyc = 320ns (8085A)/200ns (8085A-2); CL = 150pF. 
3. For all output timing where C_ = 150pF use the following correction factors: 
25pF <C_ < 150pF: -0.10ns/pF 
150pF < CL <300pF: +0.30ns/pF 
. Output timings are measured with purely capacitive load. 
. All timings are measured at output voltage V_ = 0.8V, Vy = 2.0V, and 1.5V with 20ns rise and fall time on inputs. 
. To calculate timing specifications at other values of tcyc use Table 7. 
. Data hold time is guaranteed under all loading conditions. 


NO 
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Table 3. Bus Timing Specification as a Tcyc Dependent 


[“Symbot[ 8005AH, o0ssa | _eossana, eoesaa—<[ ——SOSCS=~SCS 
OY a 


ale - 
me _ 


‘ow 
| 


Note: N is equal to the total WAIT states. T = tcyc. 


SWITCHING WAVEFORMS 
CLOCK 


i 
> 


omen es 
O16 


~ 
QO c- 


- 
ae 














X, INPUT 


CLK 
OUTPUT 


WF024450 


READ OPERATION 


WF007380 
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WRITE OPERATION 


| T1 | T2 | T3 | TN 


CLK 
tLCK : 


A8-A15 XY | ADDRESS 


tLOW tCA 


Me aooness Mato 
‘ 14 DATA OUT 
RB ADDRESS i! 


tLe tLA tDW twD 
tWDL 


aan - 


TYPICAL READ OPERATION WITH WAIT CYCLE 


WF007390 


WF007400 


Same READY timing applies to WRITE operation. 


Figure 6. 8085AH/8085AH-2 Bus Timing 
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HOLD OPERATION 


© 
° 
co) 
on 
> 
<= 


WF007410 





BUS FLOATING’ 


*10/M IS ALSO FLOATING DURING THIS TIME. 


WF007420 


Figure 8. 8085AH Interrupt and Hold Timing 
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8086 


16-Bit Microprocessor 
iAPX86 Family 


DISTINCTIVE CHARACTERISTICS 


Directly addresses up to 1 Mbyte of memory 

24 operand addressing modes 

Efficient implementation of high level languages 
Instruction set compatible with 8080 software 

Bit, byte, word, and block operations 

8 and 16-bit signed and unsigned arithmetic in binary or 
decimal 


@ Multibus* system interface 
@ Three speed options 

~ 5MHz for 8086 

— 8MHz for 8086-2 

—- 10MHz for 8086-1 


GENERAL DESCRIPTION 


The 8086 is a general purpose 16-bit microprocessor CPU. 
Its architecture is built around thirteen 16-bit registers and 
nine 1-bit flags. The CPU operates on 16-bit address 
spaces and can directly address up to 1 megabyte using 
offset addresses within four distinct memory segments, 
designated as code, data, stack and extra code. The 8086 
implements a powerful instruction set with 24 operand 
addressing modes. This instruction set is compatible with 
that of the 8080 and 8085. In addition, the 8086 is 
particularly effective in executing high level languages. 


The 8086 can operate in minimum and maximum modes. 
Maximum mode offloads certain bus control functions to a 
peripheral device and allows the CPU to operate efficiently 
in a multi-processor system. The CPU and its high perfor- 
mance peripherals are MULTIBUS* compatible. The 8086 
is implemented in N-channel, depletion load, silicon gate 
technology and is contained in a 40-pin CERDIP package, 
Molded DIP package, or Plastic Leaded Chip Carrier. 


BLOCK DIAGRAM 


BD003740 


Figure 1. 


MULTIBUS is a registered trademark of Intel Corp. 


Publication # Rev, Amendment 
01966 Cc /0 
Issue Date: May 1987 





fo*] 
CONNECTION DIAGRAMS F 
Top View 


Voc 

ADis 

A16/S3 

A17/S4 

Ai2/Ss 

Arse 

BHE/S7 

MN/MX 

RD 

RQ/GTo (HOLD) 1] RO/GTp (HOLD) 

RQ/GT, (HLOA) 1) RQ/GT; (HULDA) 
(WR) LOCK (WR) 
14/2) 1] 55 (M/6) 
(OT/A) 1] 5; (DT/A) 
(DEN) 29 [1] Sp (DEN) 
(ALE) 
(INTA) 


oononneke wn = 


CD005511 CD010701 


: Pin 1 is marked for orientation. 
Figure 2.1 Figure 2.2 
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ORDERING INFORMATION 


Commodity Products 


AMD commodity products are available in several packages and operating ranges. The order number (Valid Combination) is formed 
by a combination of: a. Temperature Range 

b. Package Type 

c. Device Number 

d. Speed Ortion 

e. Optional Processing 


8086 


dD -2 
. OPTIONAL PROCESSING 
Blank = Standard Processing 
B = Burn-in 
. SPEED OPTION 
Blank = 5 MHz 
-2= 8 MHz 
-1=10 MHz 
. DEVICE NUMBER/DESCRIPTION 
8086 
16-Bit Microprocessor 
. PACKAGE TYPE 


P = 40-Pin Plastic DIP (PD 040) 
D = 40-Pin Ceramic DIP (CD 040) 
N = 44-Pin Plastic Leaded Chip Carrier (PL 044) 


. TEMPERATURE RANGE* 
Blank = Commercial (0 to + 70°C) 
|= Industrial (-40 to +85°C) 


Valid Combinations Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 


8086-28 combinations, to check on newly released valid combinations, 


and to obtain additional data on AMD's standard military 
grade products. 





*This device is also available in Military temperature range. 
See MOS Microprocessors and Peripherals Military Handbook 
(Order #09275A/0) for electrical performance characteris- 
tics. 
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PIN DESCRIPTION 


eo 
i=] 
eo 
o 


The following pin function descriptions are for 8086 systems in either minimum or maximum mode. The "Local Bus’' in 
these descriptions is the direct multiplexed bus interface connection to the 8086 (without regard to additional bus buffers). 


| Pinno | Name | vo] Description 


AD y5-ADo 1/0 | Address Data Bus. These lines constitute the time multiplexed memory/IO address (T1) and data (To, T3, Tw, T4) 
bus. Ag is analogous to BHE for the lower byte of the data bus, pins D7-Do. Itis LOW during T; when a byte is to be 
transferred on the lower portion of the bus in memory or I/O operations. Eight-bit oriented devices tied to the lower 
half would normally use Ag to condition chip select functions. (See BHE.) These lines are active HIGH and float to 


3-state OFF during interrupt acknowledge and local bus "hold acknowledge." 


Address/Status. During T; these are the four most significant address lines for memory operations. During I/O 
operations these lines are LOW. During memory and I/O operations, status information is available on these lines 
during To, T3, Tw, and T4. The status of the interrupt enable FLAG bit (Ss) is updated at the beginning of each CLK 
cycle. A17/S4 and Ajyg/Sg3 are encoded as shown. 

This information indicates which relocation register is presently being used for data accessing. 
These lines float to 3-state OFF during local bus "hold acknowledge." 


Thais | Aresa | Characterston 
To wow] 0 | Atemate Data 
Po [4] Stack 
[a at] 0 | “Code or Nene 


BHE/S7 Bus High Enable/Status. During T; the bus high enable signal (BHE) should be used to enable data onto 
the most significant half of the data bus, pins D15-Dg. Eight-bit oriented devices tied to the upper half of 
the bus would normally use BHE to condition chip select functions. BHE is LOW during T, for read, write, 
and interrupt acknowledge cycles when a byte is to be transferred on the high portion of the bus. The S7 
Status information is available during T2, T3, and Tg. The signal is active LOW and floats to 
3-state OFF in “hold.” It is LOW during T; for the first interrupt acknowledge cycle. 

| BHE | Ao | Characteristics 

| 9 | 0 Whole word 
Upper byte from/ 
to odd address 
Lower byte from/ 
to even address 








Read. Read strobe indicates that the processor is performing a memory of I/O read cycle, depending on 
the state of the So pin. This signal is used to read devices which reside on the 8086 local bus. RD is 
active LOW during T2, Tg and Tw of any read cycle and is guaranteed to remain HIGH in To until the 
8086 local bus has floated. 

This signal floats to 3-state OFF in "hold acknowledge." 


READY. Is the acknowledgment from the addressed memory or |/O device that it will complete the data 
transfer. The READY signal from memory/IO is synchronized by the 8284A Clock Generator to form 
READY. This signal is active HIGH. The 8086 READY input is not synchronized. Correct operation is not 
guaranteed if the set-up and hold times are not met. 


Interrupt Request. Is a level triggered input which is sampled during the last clock cycle of each instruc- 
tion to determine if the processor should enter into an interrupt acknowledge operation. A subroutine is 
vectored to via an interrupt vector lookup table located in system memory. It can be internally masked by 
software resetting the interrupt enable bit. INTR is internally synchronized. This signal is active HIGH. 


TEST. Input is examined by the "Wait" instruction. If the TEST input is LOW, execution continues; other- 
wise, the processor waits in an "'Idle" state. This input is synchronized internally during each clock cycle 
on the leading edge of CLK. 


Non-Maskable interrupt. An edge-triggered input which causes a type 2 interrupt. A subroutine is vectored 
to via an interrupt vector lookup table located in system memory. NMI is not maskable internally by 
software. A transition from a LOW to HIGH initiates the interrupt at the end of the current instruction. This 
input is internally synchronized. 


Reset. Causes the processor to immediately terminate its present activity. The signal must be active HIGH 
for at least four clock cycles. It restarts execution, as described in the Instruction Set description, when 
RESET returns LOW. RESET is internally synchronized. 


Clock. Provides the basic timing for the processor and bus controller. It is asymmetric with a 33% duty 
cycle to provide optimized internal timing. 


Voc. The + 5V power supply pin. 
Ground. The ground pin. 


Minimum/Maximum. Indicates what mode the processor is to operate in. The two modes are discussed in 
the following sections. 


*Pin numbers correspond to DIPs only. 
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PIN DESCRIPTION (Cont'd.) 


| pinot | Name | vo} Description 


Status. Active during T4, Ty, and To and is returned to the passive state (1, 1, 1) during Tg or during Tw 
when READY is HIGH. This status is used by the 8288 Bus Controller to generate all memory and 

1/O access control signals. Any change by Se, S1, or So during T4 is used to indicate the beginning of a 
bus cycle, and the return to the passive state in T3 or Tw is used to indicate the end of a bus cycle. 
These signals float to 3-state OFF in "hold acknowledge." These status lines are encoded as shown. 


[S21 | So | Characteristics | 


0 (LOW) {Interrupt 
Acknowledge 


Poo [4 | Resa v0 Pon 
Po [+ | 0 | Wits 70 Por | 
es 
Prem _[-0 [0 | code Access 
Pao Pt | Read Memon 
Pa [0 | wite womory | 
a 


Request/Grant. Pins are used by other local bus masters to force the processor to release the local bus 
at the end of the processor's current bus cycle. Each pin is bidirectional with ROQ/GTo having higher 
priority than RQ/GT;. RQ/GT has an internal pull-up resistor so it may be left unconnected. The request/ 
grant sequence is as follows: 


1. A pulse of 1 CLK wide from another local bus master indicates a local bus request (''hold'') to the 
8086 (pulse 1). 


2. During a Tg or Ty clock cycle, a pulse 1 CLK wide from the 8086 to the requesting master (pulse 2), 
indicates that the 8086 has allowed the local bus to float and that it will enter the "hold acknowledge"’ 
state at the next CLK. The CPU's bus interface unit is disconnected logically from the local bus during 
"hold acknowledge.” 


3. A pulse 1 CLK wide from the requesting master indicates to the 8086 (pulse 3) that the "hold" 
request is about to end and that the 8086 can reclaim the local bus at the next CLK. 


Each master-master exchange of the local bus is a sequence of 3 pulses. There must be one dead CLK 
cycle after each bus exchange. Pulses are active LOW. 


If the request is made while the CPU is performing a memory cycle, it will release the local bus during T4 
of the cycle when all the following conditions are met: 


1. Request occurs on or before To. 

2. Current cycle is not the low byte of a word (on an odd address). 

3. Current cycle is not the first acknowledge of an interrupt acknowledge sequence. 
4. A locked instruction is not currently executing. 


If the local bus is idle when the request is made, two possible events will follow: 


1. Local bus will be released during the next clock. 
2. A memory cycle will start within 3 clocks. Now the four rules for a currently active memory cycle apply 
with condition number 1 already satisfied. 


TOCK. Output indicates that_other system bus masters are not to gain control of the system bus while 

is active LOW. The LOCK signal is activated by the "LOCK" prefix instruction and remains active 
until the completion of the next instruction. This signal is active LOW, and floats to 3-state OFF in "hold 
acknowledge." 


Queue Status. The queue status is valid during the CLK cycle after which the queue operation is per 
formed. 


QS; and QSpo provide status to allow external tracking of the internal 8086 instruction queue. 






























































Status line. Logically equivalent to Sa in the maximum mode. It is used to distinguish a memory access 
from an I/O access. M/IO becomes valid in the T4 preceding a bus cycle and remains valid until the final 
Ts of the cycle (M= HIGH, IO = LOW). M/TO floats to 3-state OFF in local bus "hold acknowledge.''”’ 


Write. Indicates that the processor is performing a write memory or write I/O cycle, depending on the 
state of M/IO signal. WR is active for To, T3 and Tw of any write cycle. It is active LOW, and floats to 
3-state OFF in local bus "hold acknowledge.” 


INTA INTA. Is used as a read strobe for interrupt acknowledge cycles. It is active LOW during To, Tg and Tw 
of each interrupt acknowlegde cycle. 

ALE Address Latch Enable. Provided by the processor to latch the address into 8282/8283 address latch. It is 
a HIGH pulse active during T; of any bus cycle. Note that ALE is never floated. 


27 Data Transmit/Recelve. Needed in minimum system that desires to use an 8286/8287 data bus transceiv- 
er. It is used to control the direction of data flow through the transceiver. Logically DT/R is equivalent to 
3; in the maximum mode, and its timing is the same as for M/IO. (T = HIGH, R = LOW.) This signal 

floats to 3-state OFF in local bus ''hold acknowledge." 


Data Enable. Provided as an output enable for the 8286/8287 in a minimum system which uses the 
transceiver. DEN is active LOW during each memory and I/O access and for INTA cycles. For a read or 
A cycle, it is active from the middle of Tp until the middle of T4, while for a write cycle, it is active 
from the beginning of To until the middle of T4. DEN floats to 3-state OFF in focal bus "hold acknowl- 

edge." 


*Pin numbers correspond to DIPs only. 
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PIN DESCRIPTION (Cont'd.) 


| Pin No | Name | V0 | Description 


1/O |HOLD. Indicates that another master is requesting a local bus "hold." To be acknowledged, HOLD must 
be active HIGH. The processor receiving the "hold'’ request will issue HLDA (HIGH) as an acknowledge- 


ment in the middle of a T4 or Ti clock cycle. Simultaneous with the issuance of HLDA, the processor will 


float the local bus and control lines. After HOLD is detected as being LOW, the processor will LOWer 
HLDA, and when the processor needs to run another cycle, it will again drive the local bus and control 


The same rules as for ROQ/GT apply, regarding when the local bus will be released. 


HOLD is not asynchroneous input. External synchronization should be provided if the system cannot other- 


HOLD, 
HLDA 
lines. 
wise guarantee the set-up time. 


*Pin numbers correspond to DIPs only. 


DETAILED DESCRIPTION 


The 8086 CPU is internally organized into two processing 
units. These two units are the Bus Interface Unit (BIU) and the 
Execution Unit (EU). A block diagram of this organization is 
shown in Figure 1. 


The BIU performs instruction fetch and queuing, operand fetch 
and store, address relocation, and basic bus control. The EU 
receives operands and instructions from the BIU and process- 
es them on a 16-bit ALU. The EU accesses memory and 
peripheral devices through requests to the BIU. The BIU 
generates physical addresses in memory using the 4 segment 
registers and offset values. 


The BIU and EU usually operate asynchronously. This permits 
the 8086 to overlap execution fetch and execution. Up to 6 
instruction bytes can be queued. The instruction queue acts as 
a FIFO buffer for instructions, from which the EU extracts 
instruction bytes as required. 


Memory Organization 


The 8086 addresses up to 1 megabyte of memory. The 
address space is organized as a linear array, from 00000 to 
FFFFF in hexadecimal. Memory is subdivided into segments 
of 64K bytes each. There are 4 segments: code, stack, data, 
and extra (usually employed as an extra data segment). Each 


— Freren 


+ 


CODE SEGMENT 


STACK SEGMENT 


+OFFSET 


SEGMENT 
REGISTER FILE 


DATA SEGMENT 


segment thus contains information of a similar type. Selection 
of a destination segment is automatically performed using the 
rules in the table below. This segmentation makes memory 
more easily relocatable and supports a more structured 
programming style. 


Physical addresses in memory are generated by selecting the 
appropriate segment, obtaining the segment ''base"’ address 
from the segment register, shifting the base address 4 digits to 
the left, and then adding this base to the "‘offset'' address. For 
programming code, the offset address is obtained from the 
instruction pointer. For operands, the offset address is calcu- 
lated in several ways, depending upon information contained 
in the addressing mode. Memory organization and address 
generation are shown in Figure 3a. 


Certain memory locations are reserved for specific CPU 
operations. These are shown in Figure 3b. Addresses 
FFFFOH through FFFFFH are reserved for operations which 
include a jump to the initial program loading routine. After 
RESET, the CPU will always begin execution at location 
FFFFOH, where the jump must be located. 


Addresses 00000H through O03FFH are reserved for interrupt 
operations. The service routine of each of the 256 possible 
interrupt types is signaled by a 4-byte pointer. The pointer 
elements must be stored in reserved memory addresses 
before the interrupts are invoked. 


FFFFFH 


RESET BOOTSTRAP 
PROGRAM JUMP 


FFFFOH 
INTERRUPT POINTER 
FOR TYPE 255 
° 
TH. 


e 
e 
INTERRUPT POINTER 
FOR TYPE 1 ‘i 
INTERRUPT POINTER 3H 
FOR TYPE 0 
oH 
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EXTRA DATA SEGMENT 


TT QQ 00H 


Figure 3a. Memory Organization 
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DF003310 


Figure 3b. Reserved Memory Locations 
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PS a a et a ee ee en ne ee 
Memory Segment Register 
Reference Need Segment Selection Rule 


CODE (CS) Automatic for all prefetching of instructions. 


STACK (SS) All stack pushes and pops, and ali memory references relative to BP base register 


except data references. 


Data references which are relative to the stack, the destination of a string operation, or 
Recal:Data DATA (DS) explicitly overriden. 
Extemal (Global) Data EXTRA (ES) pearl of string operations, when they are explicitly selected using a segment 


freeing up the CPU. The CPU communicates status informa- 
tion to the 8288 through pins So, Sj, and So. In maximum 
mode, the 8086 can operate in a multiprocessor system, using 
the LOCK signal within a Multibus format. 


Minimum and Maximum Modes 


The 8086 has two system configurations, minimum and 
maximum mode. The CPU has a strap pin, MN/MX, which 
defines the system configuration. The status of this strap pin 


defines the function of pin numbers 24 through 31. When MN/MX is strapped to Voc, the 8086 operates in 


When MN/MX is strapped to GND, the 8086 operates in 
maximum mode. The operations of pins 24 through 31 are 
redefined. In maximum mode, several bus timing and contro! 
functions are ''off-loaded'' to the 8288 bus controller, thus 


minimum mode. The CPU sends bus control signals itself 
through pins 24 through 31. This is shown in Figure 2 (in 
parentheses). Examples of minimum and maximum mode 
systems are shown in Figure 4. 


8284A CLOCK 
GENERATOR 


WAIT 
STATE 
GENERATOR 


ADDR/DATA 


| 
| 
| 
ly Cee 
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1 
TTA POE g286 
| TRANSCEIVER 
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{ 
| 
| 
| 
| 
I 
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be eed BHE 

OPTIONAL 
WE 0D cE OE RO WR 

MCS-80 


FOR INCREASED 
PERIPHERAL 


cso. 


DATA BUS DRIVE = 


2142 RAM (4) 
(2) 


2716-2 PROM (2) 
2K x8 2K x8 
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Figure 4a. Minimum Mode 8086 Typical Configuration 





2716-2 PROM (2) 
Kx8 » Kx8 
AF002860 


Figure 4b. Maximum Mode 8086 Typical Configuration 


Bus Operation 


The 8086 has a combined address and data bus, commonly 
referred to as "a time multiplexed bus." This technique 
provides the most efficient use of pins on the processor while 
permitting the use of a standard 40-lead package. This bus 
can be used throughout the system with address latching 
provided on memory and !/O modules. The bus can also be 
demultiplexed at the processor with a single set of address 
latches if a standard non-multiplexed bus is desired for the 
system. 


Each bus cycle consists of at least four CLK cycles. These are 
referred to as T1, T2, T3 and Ty (see Figure 5). The address is 
sent from the processor during T;. Data transfer occurs on the 
bus during Tg and T4. T2 is used for changing the direction of 
the bus during read operations. In the event that a "NOT 
READY" indication is given by the addressed device, "Wait" 
states (Tw) are inserted between T3 and T4. Each inserted 
“Wait'’ state is of the same duration as a CLK cycle. “Idle” 
states (T3) or inactive CLK cycles can occur between 8086 
bus cycles. The processor uses these cycles for internal 
housekeeping. 


During T; of any bus cycle, the ALE (Address Latch Enable) 
signal is emitted (by either the processor or the 8288 bus 
controller, depending on the MN/MX strap). At the trailing 
edge of this pulse, a valid address and certain status informa- 
tion for the cycle may be latched. 


Status bits Sp, S;, and So are used, in maximum mode, by the 
bus controller to identify the type of bus transaction according 
to the following table: 


Ss [S:[So| __charactevatics | 
Fonow [0 | 0 | tempt Acknowedge 
Fo [ols] Raa 
po [+o | witevoSSSSCS~—S 
a Coe a a 
Paige [0 | 0 stston Feige 
[+ [0 [4 | Read Data trom Memory 
P| [0 [Wits Data to Memoy 
es ae 


Passive (no bus cycle) 


Status bits S3 through S7 are multiplexed with high-order 
address bits and the BHE signal, and are therefore valid during 
Ta through T4. S3 and Sz, indicate which segment register (see 
Instruction Set description) was used for this bus cycle in 
forming the address, according to the following table: 


(“s. [Se] characteristics ——_— 
otow) [0 | Aternate Data (oxra segment) 
Po a [Sack 
Taaighy [0 | Code or Nene —SCSCSC—~*S 
es a el 


Ss is a reflection of the PSW interrupt enable bit. Sg = 0 and 
S7 is a spare status bit. 


1/0 Addressing 


8086 I/O operations can address up to a maximum of 64K I/O 
byte registers or 32K I/O word registers. The I/O address 
appears in the same format as the memory address on bus 
lines Ay5—Ag. The address lines Aig —Aig6 are zero in I/O 
operations. I/O instructions which use register DX as a pointer 
have full address capability. Direct I/O instructions directly 
address one or two of the 256 I/O byte locations in page 0 of 
the I/O address space. I/O ports are addressed in the same 
manher as memory locations. 
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Figure 5. Basic System Timing 


EXTERNAL INTERFACE 
Processor Reset and Initialization 


Processor initialization or start up is accomplished with activa- 
tion (HIGH) of the RESET pin. The 8086 RESET is required to 
be HIGH for greater than 4 CLK cycles. The 8086 will 
terminate operations on the high-going edge of RESET and 
will remain dormant as long as RESET is HIGH. The low-going 
transition of RESET triggers an internal reset sequence for 
approximately 10 CLK cycles. After this interval the 8086 
operates normally beginning with the instruction in absolute 
location FFFFOH (see Figure 3B). The details of this operation 
are explained in the Instruction Set description of the MCS-86 
Family User's Manual. The RESET input is internally synchro- 
nized to the processor clock. At initialization the HIGH-to-LOW 
transition of RESET must occur no sooner than 50s after 
power-up, to allow complete initialization of the 8086. 


NMI may not be asserted prior to the 2nd CLK cycle following 
the end of RESET. : 
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Interrupt Operations 


Interrupt operations fall into two classes: software or hardware 
initiated. The software initiated interrupts and software as- 
pects of hardware interrupts are described in the Instruction 
Set description. Hardware interrupts are either non-maskable 
or maskable. 


Interrupts transfer control to a new program location. A 256- 
element table containing address pointers to the interrupt 
service program locations resides in absolute locations 0 
through 3FFH (see Figure 3b), which are reserved for this 
purpose. Each element in the table is 4 bytes in size and 
corresponds to an interrupt "type.'' An interrupting device 
supplies an 8-bit type number during the interrupt acknowl- 
edge sequence, which is used to ''vector'' through the 
appropriate element to the new interrupt service program 
location. 


Non-Maskable Interrupt (NMI) 


The processor provides a single non-maskable interrupt pin 
(NMI) which has higher priority than the maskable interrupt 
request pin (INTR). A typical use would be to activate a power 





failure routine. The NMI is edge-triggered on a LOW-to-HIGH 
transition. The activation of this pin causes a type 2 interrupt. 
(See Instruction Set description.) 


NMI is required to have a duration in the HIGH state of greater 
than two CLK cycles, but is not required to be synchronized to 
the clock. Any high-going transition of NMI is latched on-chip 
and will be serviced at the end of the current instruction or 
between whole moves of a block-type instruction. Worst case 
response to NMI would be to multiply, divide, and variable shift 
instructions. There Is no specification on the occurrence of the 
low-going edge; it may occur before, during, or after the 
servicing of NMI. Another high-going edge triggers another 
response if it occurs after the start of the NMI procedure, The 
signal must be free of logical spikes In general and be free of 
bounces on the low-going edge to avold triggering extraneous 
responses, 


Maskable Interrupt (INTR) 


The 86/10 provides a single Interrupt request Input (INTR) 
which can be masked Internally by software with the resetting 
of the Interrupt enable FLAG status bit. The interrupt request 
signal is level-triggered. It is internally synchronized during 
each clock cycle on the high-going edge of CLK. To be 
responded to, INTR must be present (HIGH) during the clock 
period preceding the end of the current instruction or the end 
of a whole move for a block-type instruction. During the 
interrupt response sequence, further interrupts are disabled. 
The enable bit is reset as part of the response to any interrupt 
(INTR, NMI, software interrupt, or single-step), although the 
FLAGS register, which is automatically pushed onto the stack, 
reflects the state of the processor prior to the Interrupt. Until 
the old FLAGS register is restored, the enable bit will be zero 
unless specifically set by an instruction. 


During the response sequence (Figure 6), the processor 
executes two successive (back-to-back) interrupt acknowl- 
edge cycles. The 8086 emits the LOCK signal from To of the 
first bus cycle until To of the second. A local bus “hold” 
request will not be honored until the end of the second bus 
cycle. In the second bus cycle, a byte is fetched from the 
external interupt system (e.g., 8259A PIC) which identifies the 
source (type) of the interrupt. This byte is multiplied by four 
and used as a pointer into the interrupt vector lookup table. An 
INTR signal left HIGH will be continually responded to within 
the limitations of the enable bit and sample period. The 
INTERRUPT RETURN instruction includes a FLAGS pop, 
which returns the status of the original interrupt enable bit 
when it restores the FLAGS. 


HALT 


When a software ''HALT" instruction is executed, the proces- 
sor indicates that it is entering the ''HALT"' state in one of two 
ways depending upon which mode is strapped. In minimum 
mode, the processor issues one ALE with no qualfying bus 
control signals. In Maximum Mode, the processor issues 
appropiate HALT status on SoSSo, and the 8288 bus 
controller issues one ALE. The 8086 will not leave the 
"HALT" state when a local bus "hold" is entered while in 
"HALT." In this case, the processor reissues the HALT 
indicator. An interrupt request or RESET will force the 8086 
out of the "HALT" state. 


Read/Modify/Write (Semaphore) Operation Via 
Lock 


The LOCK status information is provided by the processor 
when directly consecutive bus cycles are required during the 
execution of an instruction. This provides the processor with 
the capability of performing read/modify/write operations on 
memory (via the Exchange Register With Memory Instruction, 
for example) without the possibility of another system bus 
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master receiving intervening memory cycles. This is useful in 
multiprocessor system configurations to accomplish "test and 
set lock'' operations. The LOCK signal is activated (forced 
LOW) in the clock cycle following the one in which the 
software ''LOCK"’ prefix instruction is decoded by the EU. It is 
deactivated at the end of the last bus cycle of the instruction 
following the "LOCK" prefix instruction. While LOCK is active, 
a request on a RQO/GT pin will be recorded and then honored 
at the end of the LOCK. 


External Synchronization Via Test 


As an alternative to the Interrupts and general I/O capabllities, 
the 8086 provides a single software-testable Input known as 
the TEST signal. At any time, the program may execute a 
WAIT Instruction. If at that time the TEST signal Is Inactive 
(HIGH), program execution becomes suspended while the 
processor walts for TEST to become active. It must remain 
active for at least 5 CLK cycles. The WAIT Instruction is re- 
executed repeatedly until that time. This activity does not 
consume bus cycles. The processor remains in an Idle state 
while waiting. All 8086 drivers go to 3-state OFF If bus 
"HOLD" Is entered. If interrupts are enabled, they may occur 
while the processor is waiting. When this occurs, the proces- 
sor fetches the WAIT instruction one extra time, processes the 
interrupt, and then re-fetches and re-executes the WAIT 
instruction upon returning from the interrupt. 


Basic System Timing 


Typical system configurations for the processor operating in 
minimum mode and in maximum mode are shown in Figures 
4a and 4b, respectively. In minimum mode, the processor 
emits bus contro! signals in a manner similar to the 8085. In 
maximum mode, the processor emits coded status information 
which the 8288 bus controller uses to generate MULTIBUS 
compatible bus control signals. Figure 5 illustrates the signal 
timing relationships. 


System Timing - Minimum System 


The read cycle begins in T; with the assertion of the Address 
Latch Enable (ALE) signal. The trailing (low-going) edge of this 
signal is used to latch the address information, which is valid 
on the local bus at this time, into the 8282/8283 latch. The 
BHE and Ao signals address the low, high, or both bytes. From 
Ty to T4, the M/IO signal indicates a memory or I/O operation. 
At Ta the address is removed from the local bus and the bus 
goes to a high impedance state. The read control signal is also 
asserted at To. The read (RD) signal causes the addressed 
device to enable its data bus drivers to the local bus. Some 
time later valid data will be available on the bus and the 
addressed device will drive the READY line HIGH. When the 
processor returns the read signal to a HIGH level, the 
addressed device will again 3-state its bus drivers. If a 
transceiver (8286/8287) is required to buffer the 8086 local 
bus, signals DT/R and DEN are provided by the 8086. 


A write cycle also begins with the assertion of ALE and the 
emission of the address. The M/IO signal is again asserted to 
indicate a memory or !/O write operation. In the T2 immediate- 
ly following the address emission, the processor emits the 
data to be written into the addressed location. This data 
remains valid until the middle of T4. During Tz, T3, and Ty, the 
processor asserts the write contro! signal. The write (WR) 
signal becomes active at the beginning of To as opposed to 
the read which is delayed somewhat into T2 to provide time for 
the bus to float. 


The BHE and Ag signals are used to select the proper byte(s) 
of the memory/IO word to be read or written according to the 
following table. 





eo 
i] 
oe 
oO 





8086 


[BRE [Ag | Characteristics 
To [o| weewrd 
To [+ [Ure bye rome oad eaeress | 
T+ [0 [tower byte from/to even adress | 
a ET 


1/O ports are addressed in the same manner as memory 
location. Even addressed bytes are transferred on the D7-Do 
bus lines and odd addressed bytes on D45-Dg. 


The basic difference between the interrupt acknowledge cycle 
and a read cycle is that the interrupt acknowledge signal 
(INTA) is asserted in place of the read (RD) signal and the 
address bus is floated. (See Figure 6.) In the second of two 
successive INTA cycles, a byte of information is read from bus 
lines D7-Do as supplied by the interrupt system logic (i.e., 
8259A Priority Interrupt Controller). This byte identifies the 
source (type) of the interrupt. It is multiplied by four and used 
as a pointer into a interrupt vector lookup table, as described 
earlier. 


Bus Timing - Medium Size Systems 


For medium size systems, the MN/Mx pin is connected to Vs, 
and the 8288 Bus Controller is added to the system as well as 


an 8282/8283 latch for latching the system address and a 
8286/8287 transceiver to allow for bus loading greater than 
the 8086 is capable of handling. Signals ALE, DEN, and DT/R 
are generated by the 8288 instead of the processor in this 
configuration, although their timing remains relatively the 
same. The 8086 status (S», S$, and So) provide type-of-cycle 
information and become 8288 inputs. This bus cycle informa- 
tion specifies read (code, data, or I/O), write (data or {/O), 
interrupt acknowledge, or software halt. The 8288 thus issues 
control signals specifying memory read or write, I/O read or 
write, or interrupt acknowledge. The 8288 provides two types 
of write strobes, normal and advanced, to be applied as 
required. The normal write strobes have data valid at the 
leading edge of write. The advanced write strobes have the 
same timing as read strobes, and hence, data isn't valid at the 
leading edge of write. The 8286/8287 transceiver receives the 
usual T and OE inputs from the 8288's DT/R and DEN. 


The pointer into the interrupt vector table, which is passed 
during the second INTA cycle, can derive from an 8259A 
located on either the local bus or the system bus. If the master 
8259A Priority Interrupt Controller is positioned on the local 
bus, a TTL gate is required to disable the 8286/8287 
transceiver when reading from the master 8259A during the 
interrupt acknowledge sequence and software "'poll."’ 
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Figure 6. Interrupt Acknowledge Sequence 
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Figure 7. 8086 Register Model 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature -65 to +150°C Commercial (C) Devices 

Ambient Temperature Under Bias 0 to 70°C Temperature (Ta) 
with Respect to Ground -1 to +7.0V 

Power Dissipitation ............cssescessesccecsescescesscessees 2.5W 


Industrial (1) Devices 
Temperature (Ta) 
Supply Voltage (Vcc) 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 
Operating ranges define those limits between which the 
functionality of the device is guaranteed. 


DC CHARACTERISTICS 


[Parameters | ———=——————Description =—S——s|_=Test Conditions | Min | Max | Units | 
Tv | Wout Low Vonage —SSOSCSC~CSCSSSSSSSSC*‘“‘;S™S™C™C™C~™~* OS vs] 
[Vin [tpt igh Votiage SSS. «SSCS 217 | Voc v0 | 
[Vou | Output Low Voltage ——S—SCS~—~SsS~S~S mm SC~C*~‘“RSC‘“‘CU™OOSSOCSCOV iC 
on [Output High Votage Sto =a —SCi=dtC |TV 
= [Power Supply Curent _———~—S~S~S~S~S*S~S~S~S A Sets SSidPSSCSC*SCSCCTCm Cid 
: T taput Leakage Curent SVS Vg id |_| 
- [Output Leakage Current ——S~SCS~S «CMB Vu VP tt 
7 Glock input Low Voge ——SSSCSCSCS—SCCSSC*C*~“‘*‘“‘*~*dCSOSSCS Cvs 
P30 | veo | vt 


Capacitance of Input Buffer (All input except _ 


Capacitance of 1/0 Butfer (ADo-AD15, RO/GT) fo= 1 MHz ae SE 


SWITCHING CHARACTERISTICS 
MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS 


Test 8086 8086-2 8086-1 
Parameters Description 


Conditions 





[reict___[ CiK yee Perod ——SSC~dSCSC*‘“‘“‘CSN™C*YY;SCOtOO +d SOO os—+ 
[reich [ciktow time ——Ssd| SOSCSC~iC' Cd 

Proc. | ck High Time —SCSC~iYSSSSCSCSCSC~dCSt dT Cd 
[TeHicH2 [Ci Rise Time —=id Fomiowov |_| 
[rover | Data in Setup Time it 


RDY Set-up Time into 8284A 
TRIVCL (See Notes 1, 2) 


RDY Hold Time into 8284A 
Tet (See Notes 1, 2) 
TRYHCH READY Set-up Time into 8086 
TCHRYX READY Hold Time into 8086 


READY Inactive to CLK 
TRYLGL (See Note 3) 


THVCH HOLD Set-up Time 


INTR, NMI, TEST Set-up 
Time (See Note 2) 


Oo 


TINVCH 


Input Rise Time 
TILIH (Except CLK) From 0.8 to 2.0V 


TIHIL Input Fall Time (Except CLK) From 2.0 to 0.8V 


Notes: 1. Signal at 8284A shown for reference only. 
2. Set-up requirement for asynchronous signal only to guarantee recognition at next CLK. 
3. Applies only to T2 state (8ns into T3). 


= 
oO 
! = 
= 
to] 





See Section 6 for Thermal Characteristics Information. 
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SWITCHING CHARACTERISTICS (Cont'd.) 
TIMING RESPONSES 


Description Conditions 


Address Valld Delay 


Address Hold Time to 
ALE Inactive TCHCL -10 | TCHCL -10 fo 


TCLDV Data Valid Delay 
TOHDX Data Hold Time eee 
TWHDX Data Hold Time After WR TCLCH-30 | | TCLCH-30 
TCVCTV Control Active Delay 1 
TCHCTV Control Active Delay 2 *C_ = 20-100 pF 
for all 8086 

TCVCTX Control Inactive Delay Outputs (in addition 
TAZRL Address Float to to 8086 self-load). 

READ active Typical C_ = 100 pF. 
TCLAL RD Active Delay 
TCLRH AD Inactive Delay 


Fane | [rao] 
ee 
farouci-76 |__| aTcLcL 50, 
farouct -60| | 2Tcuc.-40, 


~I 
Oo 


TAVAL Address Valid to ALE Low TCLCH-60 | | TCLCH-40 
TOLOH Output Rise Time Fromosto20ov {| § | 2], | 
TOHOL Output Fall Time From 20too0ev [| | 12} | 


8086-1 


TCHCL -10 


| 60 
_ 
|| TCLCH~25 


TCLCL -35 


2TCLCL -4 
2TCLCL-3 
TCLCH -35 


a 


SWITCHING TEST INPUT/OUTPUT WAVEFORM SWITCHING TEST LOAD CIRCUIT 


2.4 
DEVICE 
1.5 <-—~ TEST POINTS ———> 1.5 


WF009380 


AC TESTING INPUTS ARE DRIVEN AT 2.4V FOR A C, INCLUDES JIG 
LOGIC ''1"" AND 0.45V FOR A LOGIC "0." TIMING 

MEASUREMENTS ARE MADE AT 1.5V FOR BOTH A 

LOGIC "1" AND "0." 
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SWITCHING CHARACTERISTICS (Cont'd.) 
MAX MODE SYSTEM (USING 8288 BUS CONTROLLER) 
TIMING REQUIREMENTS 


Test 
Parameters Description Conditions 


TOLCL 
TOLCH 
TOHCL 
TCH1CH2 From 1.0 to 3.5V 
TCL2CL1 From 3.5 to 1.0V 
TOVGL 


TCLDX Data in Hold Time 


RDY Set-up Time into 8284A 
(See Notes 1, 2) 


RDY Hold Time into 8284A 
TCLRIX (See Notes 1, 2) 
TRYHCH READY Set-up Time into 8086 
TCHRYX READY Hold Time into 8086 


READY Inactive to CLK 
TRYLCL (See Note 4) 


Set-up Time for Recognition 
TINVCH (INTR, NMI, TEST 
(See Note 2) 


TGVCH RQ/GT Set-up Time 
TCHGX RQ Hold Time into 8066 


Input Rise Time 
TILIH (Except CLK) From 0.8 to 2.0V 


Input Fall Time 
TIHIL (Except CLK) From 2.0 to 0.8V 
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Notes: 1. Signal at 8284A or 8288 shown for reference only. 
2. Set-up requirement for asynchronous signal only to guarantee recognition at next CLK. 
3. Applies only to T3 and wait states. 
4. Applies only to T2 state (8ns into T3). 
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SWITCHING CHARACTERISTICS (Cont'd.) 
TIMING RESPONSES 


8086-2 


i 


Test 


Parameters Conditions 


Description 


one 


Command Active Delay 
(See Note 1) 


Command Inactive Delay 
(See Note 1) 


READY Active to Status 
Passive (See Note 3) 


Status Active Delay 
Status Inactive Delay 
Address Valid Delay 
Address Hold Time 
Address Float Delay 


Status Valid to ALE High 
(See Note 1) 


Status Valid to MCE High 
(See Note 1) 


CLK Low to ALE Valid 
(See Note 1) 


CLK Low to MCE High 
(See Note 1) 


ALE Inactive Delay CL = 20-100 pF 
(See Note 1) for all 8086 


: Outputs (In addition 
MCE Inactive Delay 
(See Note 1) to 8086 self-load) 


Data Valid Delay 
Data Hold Time 


Control Active Delay 
(See Note 1) 


Control Inactive Delay 
(See Note 1) 


Address Float to 
Read Active 


RD Active Delay 
RO Inactive Delay 


RD Inactive to Next 
Address Active 


Direction Control Active 
Delay (See Note 1) 


Direction Control Inactive 
Delay (See Note 1) 


GT Active Delay 
GT Inactive Delay 
RD Width 


Output Rise Time From 0.8 to 2.0V 
Output Fall Time From 2.0 to 0.8V 


Notes: 1. Signal at 8284A or 8288 shown for reference only. 
2. Set-up requirement for asynchronous signal only to guarantee recognition at next CLK. 
3. Applies only to T3 and wait states. 
4. Applies only to T2 state (8ns into T3). 


TCLML 10 


= > N > 


TCLMH 


= 


0 


TRYHSH 


TCHSV 
TCLSH 
TCLAV 


“ 
(=) 


0 


10 
10 
10 


5 
10 
1 
TCLAX 1 


TCLAZ 
TSVLH _ 


0 


TSVMCH 


TCLLH 


TCLMCH 


TCHLL 


TCLMCL 


_ 
an 


“~_ 


TCLDV 


TCHDX 0 


TCVNV 


TCVNX 45 10 


TAZRL 


TCLRL 
TCLRH 


cr 


0 


TRHAV TCLCL -45 TCLCL -35 


TCLCL - 40 


2TCLCL -50 


TCHDTL 


TCHDTH 


TCLGL 
TCLGH 
TRLRH 
TOLOH 
TOHOL 


2TCLCL ~75 


= 
on 
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RDY (8284A INPUT) 
SEE NOTE 4 


READY 
(8086 INPUT) 


REAO CYCLE 
NOTE 1) 
(WR, = Vou) 
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SWITCHING WAVEFORMS 


MINIMUM MODE 


a) Tg 
TCLCL TCHICH2 


a Be 
i 
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TCHLL a 
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TAVAL 
TLLAX 
pe 


FLOAT 
TRHAV 


mee 2 = — 


TCVCTV 7 
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SWITCHING WAVEFORMS (Cont'd.) 


MINIMUM MODE 


ty 


T2 T3 Tw 
TCLCL TCHICH2 TCL2Cu1 { 
CLK (82844 OUTPUT) / 


BHE/S7, Arg/Se-Ate/Ss 


WRITE CYCLE 


NOTE 1) 
(80, IT, 
OT/R = Vox) 


= 
be coal ae 


cee 


TCLAZ 
TCLOX 


PANE 
=a 
, 7 


INTA CYCLE 
NOTES 1 & 3) 
, WA = Voy 
BHE = Vo.) 


SOFTWARE HALT- 
RD, WR, INTA = Voy 


D1/R ~ INDETERMINATE 


Notes: 1. 
2. 


- INVAUD ADDRESS SOFTWARE HALT 
WF006670 


All signals switch between Von and Vo unless otherwise specified. 
RDY is sampled near the end of To, T3, Tw to determine if Tw machines states are to be 
inserted. 


. Two INTA cycles run back-to-back. The 8086 LOCAL ADDR/DATA BUS is floating during both 


INTA cycles. Control signals are shown for second INTA cycle. 


. Signals at 8284A are shown for reference only. 
. All timing measurements are made at 1.5V unless otherwise noted. 
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SWITCHING WAVEFORMS (Cont'd.) 
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MAXIMUM MODE 
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8086 


SWITCHING WAVEFORMS (Cont'd.) 
MAXIMUM MODE (Cont'd.) 


Tz 


VCH 


he 


haa 
ee a fn 
a oe 


TCHOX 


Cee = pp 


8288 OUTPUTS 
SEE NOTES 5, 6 
INTA CYCLE 
FLOAT ( Simro) FOR 


(See WOFES 9 & 4) aH ‘ADOA — 
TCLAZ TCLOX 
AD15°ADo 





SS = 


6288 OUTPUTS 
SEE NOTES 5, 6 


SOFTWARE HALT— pas 
(DEN = Vo; RO, MROT, TORT, MWTT, AMWE, IOWC, AIOWE, INTA, = Voy) 


AD}5°ADo 


WF006730 


. All signals switch between VoH and Vo. unless otherwise specified. 

. RDY is sampled near the end of Tz, T3, Tw to determine if Tw machines states are to be 
inserted. 

. Cascade address is valid between first and second INTA cycle. 

. Two INTA cycles run back-to-back. The 8086 LOCAL ADDR/DATA BUS is floating during both 
INTA cycles. Control for pointer address is shown for second INTA cycle. 

. Signals at 8284A or 8288 are shown for reference only. 

. The issuance of the 8288 command and control signals (MRDC, MWTC, AMWC, IORC, IOWC, 
AIOWC, INTA and DEN) lags the active high 8288 CEN. 

. All timing measurements are made at 1.5V unless otherwise noted. 

. Status inactive in state just prior to T4. 
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SWITCHING WAVEFORMS (Cont'd.) 


ASYNCHRONOUS SIGNAL RECOGNITION BUS LOCK SIGNAL TIMING 


ANY CLK CYCLE} 


NMI 
INTR SIGNAL 


CLK 
‘i TINVCH (SEE NOTE 1) 


TEST 


WF006690 WF006700 
Note: 1. Set-up Requirements for Asynchronous (MAXIMUM MODE ONLY) 
signals only to guarantee recognition at next 
CLK. 


RESET TIMING 


2A CLK CYCLES: 


WF009530 





RELEASE 


COPROCESSOR 
(SEE NOTE 1) 
WF006710 


Note: 1. The Coprocessor may not drive the buses outside the region shown without risking contention. 


—_- 
ADis-ADg ——— 
meee 2068 COPROCESSOR 
BHE/S7, M/IO, 
DT/R, WR, DEN 
WF006720 





3-213 
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DATA TRANSFER 


MOV = Move 
Register/memory to /from register 


Immediate to register/memory 
Immediate to realster 

Memory to accumulator 

Accumulator to memory 
Register/memory to segment register 


Segment register to register/memory 


PUSH = Push: 
Reglister/memory 
Register 


Segment register 


POP = Pop: 
Register/memory 
Register 


Segment register 


XCHG = Exchange: 
Register/memory with register 


Register with accumulator 


IN = Input from: 
Fixed port 
Variable port 


OUT = Ouput to: 

Fixed port 

Variable port 

XLAT = Transtate byte to AL 
LEA = Load EA to register 
LDS = Load pointer to DS 
LES = Load pointer to ES 
LANF = Load AH with flags 
SANF = Store AH into flags 
PUSHF = Push flags 

POPF = Pop flags 


Mnemonics ©lntel, 1978 


8086/8088 
INSTRUCTION SET SUMMARY 


76643210 76543210 76543210 76543210 


100010dw mod reg r/m 


mod 0 0 0 r/m data If w= 1 
1011 wreg - data data if w= 1 
1010000w addr-low addr-high 


1010001Ww addr-low addr-high 
10001110 mod 0 reg r/m 
10001100 


mod 0 reg r/m 


11111111 mod 110 r/m 
01010 reg 


000reg110 


mod 000 r/m 


01011 reg 


000regi11 


1000011Ww 
10010 reg 


mod reg r/m 


1110010w 


a 


1110110w 


1110011w 


° 
a 


11710711w 


11010111 
10001101 mod reg r/m 
11000101 mod reg r/m 


11000100 


mod reg r/m 


10011111 ], 


10011110 
10011100 
10011101 
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ARITHMETIC 
ADD = Add 


Reg/memory with register to either 
Immediate to register / memory 


Immediate to accumulator 


ADC = Add with carry: 
Reg/memory with register to either 
Immediate to register/memory 


Immediate to accumulator 


INC = Increment: 
Register/memory 

Register 

AAA = ASCII adjust for add 
DAA = Decimal adjust for add 


SUB = Subtract: 
Reg/memory and register to either 
Immediate from register/memory 


Immediate from accumulator 


SBB = Subtract with borrow: 
Reg/memory and register to either 
Immediate from register/memory 


Immediate from accumulator 


DEC = Decrement: 
Register/memory 
Register 


NEG Change sign 


CMP = Compare: 
Register/memory with register 
Register with register/memory 
Immediate with register/memory 
Immediate with accumulator 
AAS ASCII adjust for subtract 
DAS Decimal adjust for subtract 
MUL Mulitiply (unsigned) 

IMUL Integer multiply (signed): 
AAM ASCII adjust for multiply 
DIV Divide (unsigned): 

IDIV Integer divide (signed) 
AAD ASCH adjust for divide 
CBW Convert byte to word 
CWD Convert word to double word 
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INSTRUCTION SET SUMMARY (Cont'd.) 


76543210 76543210 76543210 76543210 


o00000dw mod reg r/m 


100000sw mod 0 0 0 r/m data if sw =01 


0000010Ww 


000100dw mod reg r/m 


100000sw mod 0 1 0 r/m data if sw =01 


0001010w data if w=1 


111111170 mod 0 0 0 r/m 


01000 reg 
00110111 


00100111 


001010dw mod reg r/m 


data if sw=01 


100000sw mod 10 1 r/m 


0010110w data if w=1 


000110dw mod reg r/m 


100000sw mod 0 1 1 r/m data data if sw=01 


0001110w data data if w=1 


11111114w mod 0 0 1 r/m 


01001 reg 


11110114w mod 0 1 1 r/m 


0011101w mod reg r/m 


0011100w mod reg r/m 


100000sw mod 11 1 1/m data if s:w =01 
0011110w 

001111141 

00101111 

1111011Ww mod 100 1r/m 


1111011w mod 10 1 r/m 
11010100 00001010 


1111011Ww mod 110 r/m 


11110114w mod 111 1r/m 
11010101 00001010 
10011000 
10011001 
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8086 


INSTRUCTION SET SUMMARY (Cont'd.) 


LOGIC 


NOT Invert 

SHL/SAL Shift logical/arithmetic left 
SHR Shift logical right 

SAR Shift arithmetic right 

ROL Rotate left 

ROR Rotate right 

RCL Rotate through carry flag left 
RCR Rotate through carry right 


AND = And: 
Reg/memory and register to either 
Immediate to register/memory 


Immediate to accumulator 


TEST = And function to flags, no result: 


Register/memory and register 
Immediate data and register/memory 


Immediate data and accumulator 


OR = Or: 


Reg/memory and register to either 


Immediate to register/memory 


Immediate to accumulator 


XOR = Exclusive or: 
Reg/memory and register to either 
Immediate to register/memory 


Immediate to accumulator 


STRING MANIPULATION: 


REP = Repeat 

MOVS = Move byte/word 

CMPS = Compare byte/word 
SCAS = Scan byte/word 

LODS = Load byte/wd to AL/AX 
STOS = Stor byte/wd from AL/A 
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76543210 
1111011w 


76543210 


mod 0 1 0 r/m 
110100Vvw mod 100 r/m 


mod 10 1 1r/m 


mod 1141 1r/m 


76543210 


110100VvW 
110100vw mod 0 0 0 r/m 
110100Vvw mod 0 0 1 r/m 


110100VWw mod 0 1 0 r/m 


mod 0 1 1 r/m 


110100Vvw 


001000dw 


mod reg r/m 
1000000w mod 100 r/m 


0010010w 


1000010w mod reg r/m 


1111011w mod 00 0 r/m 


1010100w data 


000010dw mod reg r/m 


1000000w mod 0 0 1 r/m 


0000110w data 


001100dw mod reg r/m 


1000000w mod 110 r/m 


0011010w 


11110012 
1010010w 
1010011w 
10710111w 
1010110w 


1010101tw 
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data 


data ifw=1 


data 


data ifw=1 


76543210 


data if w=1 


data if w=1 
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INSTRUCTION SET SUMMARY (Cont'd.) 


CONTROL TRANSFER 
CALL = Call 76543210 76543210 76543210 76543210 


Direct within segment 11101000 disp-high : 


mod 0 1 0 r/m 


indirect within segment 11111111 


Direct intersegment 10011010 offset-low offset-high 
seg-high 


Indirect intersegment 111111147 mod 0 1 1 r/m 


JMP = Unconditional Jump: 
Direct within segment 11101001 disp-high 


Direct within segment-short 11101011 
mod 100 r/m 


Indirect within segment 11111111 
Direct intersegment 11101010 offset-high 


seg-low seg-high 


Indirect intersegment 111111141 mod 101 r/m 


RET = Return from CALL: 


Within segment 11000011 
Within seg adding immed to SP 11000010 


data-low data-high 
Intersegment 


Intersegment adding immediate to SP 11001010 data-low data-high 


JE/JZ = Jump on equal/zero 01110100 





JL/JNGE = Jump on less/not greater or equal 01111100 


JLE/JNG = Jump on less or equal/not greater 


JB/JNAE = Jump on below/not above or equal 01110010 


JBE/JNA = Jump on below or equal/not above 01110110 
JP/JPE = Jump on parity/parity even 01111010 


JO = Jump on overflow 01110000 
JS = Jump on sign 01111000 


JNE/JNZ = Jump on not equal/not zero 01110101 


JNL/JGE = Jump on not less/greater or equal 0111411101 


JNLE/JG = Jump on not less or equal/greater 0114111141 


JNB/JAE = Jump on not below/above or equal 


JNBE/JA = Jump on not below or equal/above 01110111 
JNP/JPO = Jump on not par/par odd 01111011 


JNO = Jump on not overflow 01110001 
JNS = Jump on not sign 01111001 


LOOP = Loop CX times 11100010 
LOOPZ/LOOPE = Loop while zero/equal 11100001 
LOOPNZ/LOOPNE = Loop while not zero/equal 11100000 


JCXZ = Jump on CX zero 11100011 
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INSTRUCTION SET SUMMARY (Cont'd.) 


CONTROL TRANSFER (Cont'd.) 
INT = Interrupt 

Type specified 

Type 3 

INTO = Interrupt on overflow 


IRET = Interrupt return 


PROCESSOR CONTROL 


CLC = Clear carry 

CMC = Complement carry 

STC = Set carry 

CLD = Clear direction 

STD = Set direction 

CLI = Clear interrupt 

STI = Set interrupt 

HLT = Halt 

WAIT = Wait 

ESC = Processor Extension Escape 


LOCK = Bus lock prefix 


Footnotes: 


AL = 8-bit accumulator 

AX = 16-bit accumulator 

CX = Count register 

DS = Data segment 

ES = Extra segment . 

Above/below refers to unsigned value. 

Greater = more positive. 

Less = less positive (more negative) signed values 

if d=1 then "to" reg; if d=0 then "from" reg 

w= 1 then word instruction; if w=0 then byte instruction 


if mod = 11 then r/m is treated as a REG field 

if mod = 00 then DISP =0 , disp-low and disp-high are absent 

if mod = 01 then DISP = disp-low sign-extended to 16-bits, disp-high is 
absent 

if mod = 10 then DISP = disp-high: disp-low 


if r/m = 000 then EA = (BX) + (SI) + DISP 
if r/m = 001 then EA = (BX) + (Dl) + DISP 
if r/m = 010 then EA = (BP) + (Sl) + DISP 
if t/m=011 then EA = (BP) + (Dl) + DISP 
if r/m = 100 then EA = (SI) + DISP 

if r/m= 101 then EA = (Di) + DISP 

if r/m= 110 then EA = (BP) + DISP* 

if r/m=111 then EA = (BX) + DISP 


DISP follows 2nd byte of instruction (before data if required) 
*except if mod =00 and r/m=110 then EA =disp-high: disp-low. 
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76543210 
11001101 


1104114xxx 


76543210 
type 


76543210 76543210 


11001100 
11001110 
11001111 


11111000 
11110101 
11111001 
11111100 
411111101 
11111010 
11111011 
11110100 
10011011 


mod x x x r/m 


11110000 


if sw =01 then 16 bits of immediate data form the operand. 

if sw=11 then an immediate data byte is sign extended to form the 
16-bit operand. 

if v=0 then "count" = 1; if v=1 then “count” in (CL) 

x = don't care 

z is used for string primitives for comparison with ZF Flag. 


SEGMENT OVERRIDE PREFIX 
0 0 1 reg 11 +0 
REG is assigned according to the following table: 


16-Bit_ (w= 1) 8-Bit (w= 0) 
000 AX 000 AL 
001 CX 001 CL 
010 DX 010 DL 
011 BX 011 BL 
100 SP 100 AH 
101 BP 101 CH 
110 SI 110 DH 
111 DI 111 BH 


Instructions which reference the flag register files as a 16-bit object 
use the symbol FLAGS to represent the file: 


FLAGS = X:X:X:X:(OF):(DF):(TF):(SF):(ZF):X:(AF):X:(PF):X:(CF) 





8088 


8-Bit Microprocessor CPU 
iAPX86 Family 


DISTINCTIVE CHARACTERISTICS 


8-bit data bus, 16-bit internal architecture 
Directly addresses 1 Mbyte of memory 
Software compatible with 8086 CPU 
Byte, word, and block operations 

24 operand addressing modes 


@ Powerful instruction set 
@ Efficient high level language implementation 
@ Three speed options: 5MHz 8088 

8MHz 8088-2 

10MHz 8088-1 


GENERAL DESCRIPTION 


The 8088 CPU is an 8-bit processor designed around the 
8086 internal structure. Most functions of the 8088 are 
identical to the equivalent 8086 functions. The pinout is 
Slightly different. The 8088 handles the external bus the 
same way the 8086 does, but it handles only 8 bits at a 
time. Sixteen-bit words are fetched or written in two 


consecutive bus cycles. Both processors will appear identi- 
cal to the software engineer, with the exception of execu- 
tion time. 


The 8088 is made with N-channel silicon gate technology 
and is packaged in a 40-pin Plastic dip, CERDIP or Plastic 
Leaded Chip Carrier. 


BLOCK DIAGRAM 


MEMORY INTERFACE 


INSTRUCTION 
STREAM BYTE 
QUEUE 


BD003750 


Publication # Rev, 
02338 Cc 
Issue Date: May 1987 





8808 





8088 
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CONNECTION DIAGRAMS 
Top View 


MIN MAX 
MODE MODE 


(HIGH) 


(RO/T.) 
(RQ/GT;) 
(LOCK) 
(S2) 

(51) 

(So) 
(QSp) 
(QS) 


CD005520 


Note: Pin 1 is marked for orientation. 
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1] HOLD (RQ/GTp) 
T HLDA (RO/GT4) 
1} WR (LOCK) 


(QS,) INTA 
(QSp) ALEC 


CD010680 
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ORDERING INFORMATION 


Commodity Products 


AMD commodity products are available in several packages and operating ranges. The order number (Valid Combination) 
is formed by a combination of: a. Temperature Range 

b. Package Type 

c. Device Number 

d. Speed Option 

e. Optional Processing 


88 =2 B 


| e. OPTIONAL PROCESSING 


Blank = Standard Processing 
B = Burn-in 


d. SPEED OPTION 
Blank = 5 MHz 
-2=8 MHz 

-1=10 MHz 


c. DEVICE NUMBER/DESCRIPTION 
8088 
8-Bit Microprocessor CPU 


b. PACKAGE TYPE 
P = 40-Pin Plastic DIP (PD 040) 
D = 40-Pin Ceramic DIP (CD 040) 
N = 44-Pin Plastic Leaded Chip Carrier (PL 044) 


a. TEMPERATURE RANGE* 
Blank = Commercial (0 to + 70°C) 
| = Industrial (-40 to + 85°C) 





Valid Combinations 
Valid Combinations list configurations planned to be 
I I ; : : 

Vand Combinations supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations, to check on newly released valid combinations, 
and to obtain additional data on AMD's standard military 
grade products. 

*This device is also available in Military temperature range. 


See MOS Microprocessors and Peripherals Military Handbook 
8088B (Order #09275A/0) for electrical performance characteris- 


8088-28 tics. 
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INTA. Used as a read strobe for interrupt acknowledge cycles. It is active LOW during To, Tz and Tw of each 
: interrupt acknowledge cycle. 








PIN DESCRIPTION 






The following pin function descriptions are for 8088 systems in either minimum or maximum mode. The "local bus'’ in 
these descriptions is the direct multiplexed bus interface connection to the 8088 (without regard to additional bus buffers). 


| Pinos | name [wo] Description 


9-16 AD7-ADo 1/O  } Address Data Bus. These lines constitute the time multiplexed memory/IO address (T4) and data (T2, T3, Tw, and 
T4) bus. These lines are active HIGH and float to 3-state OFF during interrupt acknowledge and local bus "hold 


acknowledge.” 
Pee dee hl 











Address Bus. These lines provide address bits 8 through 15 for the entire bus cycle (Ty-T4). These lines do not 
have to be latched by ALE to remain valid. Ays-Ag are active HIGH and float to 3-state OFF during interrupt 
acknowledge and local bus "hold acknowledge." 


Address/Status. During Ty, these are the four most significant address lines for memory operations. During !/O 
operations, these lines are LOW. During memory and I/O operations, status information is available on these lines 
during T2, T3, Tw, and T4. Sg is always LOW. The status of the interrupt enable flat bit (Ss) is updated at the 
beginning of each clock cycle. S4 and S3 are encoded as shown. 


This information indicates which segment register is presently being used for data accessing. 
These lines float to 3-state OFF during local bus "hold acknowledge." 


(s._[ Se eharacterstos 
To uom] 0] Aterata Data | 
nO a" 
Ta qari| 0 | ode or Nene 


S6 is 0 

(LOW) 
Read. Read strobe indicates that the processor is performing a memory or I/O read cycle, depending on the state 
of the |O/M pin or So. This signal is used to read devices which reside on the 8088 local bus. AD is active LOW 


during T2, Tg and Ty of any read cycle, and is guaranteed to remain HIGH in To until the 8088 local bus has 
floated. : 


This signal floats to 3-state OFF in ''hold acknowledge.” 


READY. The acknowledgement from the addressed memory or I/O device that it will complete the data transfer. 
The RDY signal from memory or I/O is synchronized by the 8284 clock generator to form READY. This signal is 
active HIGH. The 8088 READY input is not synchronized. Correct operation is not guaranteed if the set-up and 
hold times are not met. 




























ae 
aa . 
aa ~ 
eee ae 













Interrupt Request. A level-triggered input which is sampled during the last clock cycle of each instruction to 
determine if the processor should enter into an interrupt acknowledge operation. A subroutine is vectored to via an 
interrupt vector lookup table located in system memory. It can be internally masked by software resetting the 
interrupt enable bit. INTR is internally synchronized. This signal is active HIGH. 


TEST. Input is examined by the “wait for test’ instruction. if the TEST input is LOW, execution continues; 
otherwise, the processor waits in an "Idle" state. This input is synchronized internally during each clock cycle on 
the leading edge of CLK. . 


Non-Maskable Interrupt. An edge-triggered input which causes a type 2 interrupt. A subroutine is vectored to via an 
interrupt vector lookup table located in system memory. NMI is not maskable internally by software. A transition 
from a LOW to HIGH initiates the interrupt at the end of the current instruction. This Input is internally synchronized. 


RESET. Causes the processor to immediately terminate its present activity. The signal must be active HIGH for at 
least four clock cycles. It restarts execution, as described in the instruction set description, when RESET returns 
LOW. RESET is internally synchronized. 


ie Clock. Provides the basic timing for the processor and bus controller. It is asymmetric with a 33% duty cycle to 











































provide optimized internal timing. 


Voc. The +5V +10% power supply pin. 
p1,20 | GNO__| __[GND. The ground pins. 


MIN/MX Minimum/Maximum. Indicates what mode the processor is to operate in. The two modes are discussed in the 
following sections. 
Pe 7 ia 
















Status Line. An inverted maximum mode Sp. It is used to distinguish a memory access from an I/O access. 10/M 
becomes valid in the T4 preceding a bus cycle and remains valid until the final T4 of the cycle (I/O = HIGH, 
M = LOW). IO/M floats to 3-state OFF in local bus "hold acknowledge." 


Write. Strobe indicates that the processor is performing a write memory or write I/O cycle, depending on the state 
of the 10/M signal. WR is active for T2, Tg, and Tw of any write cycle. It is active LOW and floats to 3-state OFF in 
local bus "hold acknowledge."' 






















ALE Address Latch Enable. Provided by the processor to latch the address into 8282/8283 address latch. It is a HIGH 
pulse active during clock low of T4 of any bus cycle. Note that ALE is never floated. 

27 DT/R Data Transmit/Receive, Needed in a minimum system that desires to use an 8286/8287 data bus transceiver. It is 
used to control the direction of data flow through the transceiver. Logically DT/R Is equivalent to S$; In the 
maximum mode, and its timing is the same as for IO/M (T = HIGH, R = LOW.) This signal floats to 3-state OFF in 
local bus "hold acknowledge.” 
Data Enable. Provided as an output enable for the 8286/8287 in a minimum system that uses the transceiver. DEN 
is active LOW during each memory and I/O access and for INTA cycles. For a read or INTA cycle, it is active from 
the middle of T2 until the middle of T4; while for a write cycle, itis active from the beginning of To until the middle of 
T4. DEN floats to 3-state OFF during local bus "hold acknowledge." 

“Pin numbers correspond to DIPs only. 
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PIN DESCRIPTION (Cont.) 


[| Pinot | Name | 170 Description 


31, 30 HOLD, 1/0 |HOLD. Indicates that another master is requesting a local bus "hold."* To be acknowledged, HOLD must be active 
HLDA HIGH. The processor receiving the ''hold"' request will issue HLDA (HIGH) as an acknowledgement in the middle 
of a T4 or T1 clock cycle. Simultaneous with the issuance of HLDA, the processor will float the local bus and 
control lines. After HOLD is detected as being LOW, the processor lowers HLDA, and when the processor needs to 
run another cycle, it will again drive the loca! bus and control lines. 
HOLD is not an asynchronous input. External synchronization should be provided if the system cannot otherwise 


guarantee the set-up time. 


Status Line. Logically equivalent to SO in the maximum mode. The combination of SSO, |O/M and DT/R allows the 
system to completely decode the current bus cycle status. 


10/M _|DT/R| SSO} Characteristics 


1 (HIGH) Interrupt 
Acknowledge 


Pao aT Rea 170 port 
Pa [0 [Wit 170 pot 
ee 
[oto | 0 | 0 | code Acsoss 
Po | 0 [4 | Read memoy 
Pot [0 | Wiite memoy 
pot ft | Passe 


Status. Active during clock high of T4, T;, and Ta and is returned to the passive state (1, 1, 1) during T3 or during 
Tw when READY is HIGH. This status is used by the 8288 bus controller to generate all memory and !/O access 
control signals. Any change by So, S4, or So during T4 is used to indicate the beginning of a bus cycle, and the 
return to the passive state in T3 or Tw is used to indicate the end of a bus cycle. 


These signals float to 3-state OFF during ''hold acknowledge.'’ During the first clock cycle after RESET 
becomes active, these signals are active HIGH. After this first clock, they float to 3-state OFF. 


| Se $1 | So | Characteristics | 


0 (LOW) Interrupt 
Acknowledge 


Po | 0 | 1 | Read vO Pot | 

po | t | 0 | Wite vO Fon | 

ee ee ee 

PriGhy [0 [0 | Code Access | 

Pr [0 | 1 | Read Memoy _| 

Pa | 1 [0 | Wiite Memory 

Pat at Passive 
Request/Grant. Pins are used by other local bus masters to force the processor to release the local bus at the end 
of the processor's current bus cycle. Each pin is bidirectional with RO/GTo having higher priority than RO/GT}4. 
RQ/GT has an internal pull-up resistor, so may be left unconnected. The request/grant sequence is as follows: 


1. A pulse of one CLK wide from another local bus master indicates a local bus request ("‘hold"') to the 8088 (pulse 
1). 


2. During a T4 or Ty clock cycle, a pulse one clock wide from the 8088 to the requesting master (pulse 2), indicates 
that the 8088 has allowed the local bus to float and that it will enter the "hold acknowledge" state at the next 
CLK. The CPU's bus interface unit is disconnected logically from the local bus during "hold acknowledge.’ The 
same rules as for HOLD/HLDA apply as for when the bus is released. 


3.A pulse one CLK wide from the requesting master indicates to the 8088 (pulse 3) that the "hold" request is 
about to end and that the 8088 can reclaim the local bus at the next CLK. The CPU then enters Ty. 


Each master-master exchange of the local bus is a sequence of three pulses. There must be one idle CLK cycle 
after each bus exchange. Pulses are active LOW. 





If the request is made while the CPU is performing a memory cycle, it will release the local bus during Tq of the 
cycle when all the following conditions are met: 


1. Request occurs on or before To. 

2. Current cycle is not the low bit of a word. 

3. Current cycle is not the first acknowledge of an interrupt acknowledge sequence. 
4. A locked instruction is not currently executing. 


If the local bus is Idle when the request is made, two possible events will follow: 


1. Local bus will be released during the next clock. 
2.A memory cycle will start within 3 clocks. Now the four rules for a currently active memory cycle apply with 
condition number 1 already satisfied. 


TOCK. Indicates that other system bus masters are not to gain control of the system bus while LOCK is active 
(LOW). The LOCK signal is activated by the ''LOCK" prefix instruction and remains active until the completion of 
the next instruction. This signal is active LOW and floats to 3-state off in "hold acknowledge." 


*Pin numbers correspond to DIPs only. 
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PIN DESCRIPTION (Cont.) 


*Pin numbers correspond to DIPs only. 


DETAILED DESCRIPTION 


The 8088 Compared to the 8086 

@ The queue length is 4 bytes in the 8088; whereas, the 8086 
queue contains 6 bytes, or three words. The queue was 
shortened to prevent overuse of the bus by the BIU when 
prefetching instructions. This was required because of the 
additional time necessary to fetch instructions 8 bits at a 
time. 
To further optimize the queue, the prefetching algorithm 
was changed. The 8088 BIU will fetch a new instruction to 
load into the queue each time there is a 1 byte hole (space 
available) in the queue. The 8086 waits until a 2-byte space 
is available. 
The internal execution time of the instruction set is affected 
by the 8-bit interface. All 16-bit fetches and writes from/to 
memory take an additional four clock cycles. The CPU is 
also limited by the speed of instruction fetches. This latter 
problem only occurs when a series of simple operations 
occurs. When the more sophisticated instructions of the 
8088 are being used, the queue has time to fill and the 
execution proceeds as fast as the execution unit will allow. 


The 8088 and 8086 are completely software compatible by 
virtue of their identical execution units. Software that is system 
dependent may not be completely transferable, but software 
that is not system dependent will operate equally as well on an 
8088 or an 8086. 


The hardware interface of the 8088 contains the major 
differences between the two CPUs. The pin assignments are 
nearly identical, however, with the following functional chang- 


Ag—-Ais5—These pins are only address outputs on the 
8088. These address lines are latched internally and 
remain valid throughout a bus cycle in a manner similar to 
the 8085 upper address lines. 

BHE has no meaning on the 8088 and has been eliminated. 
SSO provides the SO status information in the minimum 
mode. This output occurs on pin 34 in minimum mode only. 
DT/R, 10/M, and SSO provide the complete bus status in 
minimum mode. 

1O/M has been inverted to be compatible with the MCS-85 
bus structure. 

ALE is delayed by one clock cycle in the minimum mode 
when entering HALT, to allow the status to be latched with 
ALE. 


1/O Addressing 


In the 8088, I/O operations can address up to a maximum of 
64K 1/O registers. The 1/O address appears in the same 
format as the memory address on bus lines Aj5—Apo. The 
address lines Ayg-Aig are zero in I/O operations. The 
variable 1/O instructions, which use register DX as a pointer, 
have full address capability, while the direct I/O instructions 


| Pinos | Name |vo | scription 


Queue Status. Provides status to allow external tracking of the internal 8088 instruction queue. The queue status is 
valid during the CLK cycle after which the queue operation is performed. 


(as; | G8e [Characteristics _——*d 
foto | 0 | No Operation ___———+| 
jo | 1 | rt Byte of Opcode from Guave| 
few [0 | Empty the Queue | 


|. 34 = T= [Pin 34 is always HIGH in the maximum mode. 


directly address one or two of the 256 I/O byte locations in 
page 0 of the I/O address space. I/O ports are addressed in 
the same manner as memory locations. 


Designers familiar with the 8085 or upgrading an 8085 design 
should note that the 8085 addresses I/O with an 8-bit address 
on both halves of the 16-bit address bus. The 8088 uses a full 
16-bit address of its lower 16 address lines. 


Bus Operation 


The 8088 address/data bus is broken into three parts — the 
lower eight address/data bits (ADp - AD7), the middle eight 
address bits (Ag — A15), and the upper four address bits (Ay6- 
Aig). The address/data bits and the highest four address bits 
are time multiplexed. This technique provides the most effi- 
cient use of pins on the processor, permitting the use of a 
standard 40 lead package. The middle eight address bits are 
not multiplexed; i.e., they remain valid throughout each bus 
cycle. In addition, the bus can be demultiplexed at the 
processor with a single address latch if a standard, non- 
multiplexed bus is desired for the system. 


Each processor bus cycle consists of at least four CLK cycles. 
These are referred to as T1, T2, T3, and T4. The address is 
emitted from the processor during T1 and data transfer occurs 
on the bus during T3 and T4. T2 is used primarily for changing 
the direction of the bus during read operations. In the event 
that a "NOT READY" indication is given by the addressed 
device, ''wait'' states (Tw) are inserted between T3 and T4. 
Each inserted ''wait'' state is of the same duration as a CLK 
cycle. Periods can occur between 8088 driven bus cycles. 
These are referred to as "idle" states (Ti), or inactive CLK 
cycles. The processor uses these cycles for internal house- 
keeping. 


During T1 of any bus cycle, the ALE (address latch enable), 
signa! is emitted (by either the processor or the 8288 bus 
controller, depending on the MN/MxX strap). At the trailing 
edge of this pulse, a valid address and certain status informa- 
tion for the cycle may be latched. 


Status bits SO, S1, and S2 are used by the bus controller, in 
maximum mode, to identify the type of bus transaction 
according to the following table: 


pee St Se ee 


Interrupt Acknowledge 
Read I/O 
Write !/O 


Halt 

Instruction Fetch 

Read Data from Memory 
Write Data to Memory 
Passive (no bus cycle) 
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Status bits S3 through S6 are multiplexed with high order 
address bits and are therefore valid during T2 through T4. S3 
and S4 indicate which segment register was used for this bus 
cycle in forming the address according to the following table: 


| Ss | sa] Characteristics 


0 (LOW) 
0 


Alternate Data (extra segment) 
Stack 


1 (HIGH) Code or None 
1 


S5 is a reflection of the PSW interrupt enable bit. S6 is always 
equal to 0. : 


External Interface 
Processor Reset and Initialization 


Processor initialization or start up is accomplished with activa- 
tion (HIGH) of the RESET pin. The 8088 RESET is required to 
be HIGH for greater than four clock cycles. The 8088 will 
terminate operations on the high-going edge of RESET and 
will remain dormant as long as RESET is HIGH. The low-going 
transition of RESET triggers an internal reset sequence for 
approximately 7 clock cycles. After this interval the 8088 
operates normally, beginning with the instruction in absolute 
location FFFFOH. (See Figure 3.) The RESET input is internal- 
ly synchronized to the processor clock. At initialization, the 
HIGH to LOW transition of RESET must occur no sooner than 
50 us after power up, to allow complete initialization of the 
8088. 


lf INTR is asserted sooner than nine clock cycles after the end 
of RESET, the processor may execute one instruction before 
responding to the interrupt. 


All 3-state outputs float to 3-state OFF during RESET. Status 
is active in the idle state for the first clock after RESET 
becomes active and then floats to 3-state OFF. 


Interrupt Operations 


Interrupt operations fall into two classes: software or hardware 
initiated. The software initiated interrupts and software as- 
pects of hardware interrupts are specified in the instruction set 
description in the iAPX 88 book or the iAPX 86, 88 User's 
Manual. Hardware interrupts can be classified as nonmaska- 
ble or maskable. 


Interrupts result in a transfer of control to a new program 
location. A 256 element table containing address pointers to 
the interrupt service program locations resides in absolute 
locations 0 through 3FFH (see Figure 3), which are reserved 
for this purpose. Each element in the table is 4 bytes in size 
and corresponds to an interrupt "'type."’ An interrupting device 
supplies an 8-bit type number, during the interrupt acknowl- 
edge sequence, which is used to vector through the appropri- 
ate element to the new interrupt service program location. 


Non-Maskable Interrupt (NMI) 


The processor provides a single non-maskable interrupt (NMI) 
pin which has higher priority than the maskable interrupt 
request (INTR) pin. A typical use would be to activate a power 
failure routine. The NMI is edge-triggered on a LOW to HIGH 
transition. The activation of this pin causes a type 2 interrupt. 


NMI is required to have a duration in the HIGH state of greater 
than two clock cycles, but is not required to be synchronized 
to the clock. Any higher going transition of NMI is latched on- 
chip and will be serviced at the end of the current instruction or 
between whole moves (2 bytes in the case of word moves) of 
a block type instruction. Worst case response to NMI would be 
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for multiply, divide, and variable shift instructions. There is no 
specification on the occurrence of the low-going edge; it may 
occur before, during, or after the servicing of NMI. Another 
high-going edge triggers another response if it occurs after the 
start of the NMI procedure. The signal must be free of logical 
spikes in general and be free of bounces on the low-going 
edge to avoid triggering extraneous responses. 


Maskable Interrupt (INTR) 


The 8088 provides a single interrupt request input (INTR) 
which can be masked internally by software with the resetting 
of the interrupt enable (IF) flag bit. The interrupt request signal 
is level triggered. It is internally synchronized during each 
clock cycle on the high-going edge of CLK. To be responded 
to, INTR must be present (HIGH) during the clock period 
preceding the end of the current instruction or the end of a 
whole move for a block type instruction. During interrupt 
response sequence, further interrupts are disabled. The en- 
able bit is reset as part of the response to any interrupt (INTR, 
NMI, software interrupt, or single step), although the FLAGS 


register which is automatically pushed onto the stack reflects . 


the state of the processor prior to the interrupt. Until the old 
FLAGS register is restored, the enable bit will be zero unless 
specifically set by an instruction. 


During the response sequence (See Figure 1), the processor 
executes two successive (back to back) interrupt acknowl- 
edge cycles. The 8088 emits the LOCK signal (maximum 
mode only) from T2 of the first bus cycle until T2 of the 
second. A local bus ''hold"' request will not be honored until 
the end of the second bus cycle. In the second bus cycle, a 
byte is fetched from the external interrupt system (e.g., 8259A 
PIC) which identifies the source (type) of the interrupt. This 
byte is multiplied by four and used as a pointer into the 
interrupt vector lookup table. An INTR signal left HIGH will be 
continually responded to within the limitations of the enable bit 
and sample period. The interrupt return instruction includes a 
flags pop which returns the status of the original interrupt 
enable bit when it restores the flags. 


HALT 


When a software HALT instruction is executed, the processor 
indicates that it is entering the HALT state in one of two ways, 
depending upon which mode is strapped. In minimum mode, 
the processor issues ALE, delayed by one clock cycle, to allow 
the system to latch the halt status. Halt status is available on 
10/M, DT/R, and SSO. In maximum mode, the processor 
issues appropriate HALT status on S2, S1, and SO, and the 
8288 bus controller issues one ALE. The 8088 will not leave 
the HALT state when a local bus hold is entered while in 
HALT. In this case, the processor reissues the HALT indicator 
at the end of the local bus hold. An interrupt request or RESET 
will force the 8088 out of the HALT state. 


Read/Modify/Write (Semaphore) Operations via 
LOCK 


The LOCK status information is provided by the processor 
when consecutive bus cycles are required during the execu- 
tion of an instruction. This allows the processor to perform 
read/modify/write operations on memory (via the "exchange 
register with memory" instruction), without another system 
bus master receiving intervening memory cycles. This is useful 
in multiprocessor system configurations to accomplish "test 
and set lock"’ operations. The LOCK signal is activated (LOW) 
in the clock cycle following decoding of the LOCK prefix 
instruction. It is deactivated at the end of the last bus cycle of 
the instruction following the LOCK prefix. While LOCK is 
active, a request on a RQ/GT pin will be recorded, and then 
honored at the end of the LOCK. 
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TYPE VECTOR 


WF008550 


Figure 1. Interrupt Acknowledge Sequence 


External Synchronization via TEST 


As an alternative to interrupts, the 8088 provides a single 
software-testable input pin (TEST). This input is utilized by 
executing a WAIT instruction. The single WAIT instruction is 
repeatedly executed until the TEST input goes active (LOW). 
The execution of WAIT does not consume bus cycles once the 
queue is full. 


If a local bus request occurs during WAIT execution, the 8088 
3-states all output drivers. If interrupts are enabled, the 8088 
will recognize interrupts and process them. The WAIT instruc- 
tion is then refetched, and reexecuted. 


Basic System Timing 


In minimum mode, the MN/MxX pin is strapped to Vcc and the 
processor emits bus contro! signals compatible with the 8085 
bus structure. In maximum mode, the MN/MxX pin is strapped 
to GND and the processor emits coded status information 
which the 8288 bus controller uses to generate MULTIBUS 
compatible bus control signals. 


System Timing — Minimum System 


The read cycle begins in T1 with the assertion of the address 
latch enable (ALE) signal. The trailing (low going) edge of this 
signal is used to latch the address information, which is valid 
on the address/data bus (ADO -AD7) at this time, into the 
8282/8283 latch. Address lines A8 through A15 do not need 
to be latched because they remain valid throughout the bus 
cycle. From T1 to T4 the 1O/M signal indicates a memory or !/ 
O operation. At T2 the address is removed from the address/ 
data bus and the bus goes to a high impedance state. The 
read control signal is also asserted at T2. The read (RD) signal 
causes the addressed device to enable its data bus drivers to 
the local bus. Some time later, valid data will be available on 
the bus and the addressed device will drive the READY line 
HIGH. When the processor returns the read signal to a HIGH 
level, the addressed device will again 3-state its bus drivers. If 
a transceiver (8286/8287) is required to buffer the 8088 local 
bus, signals DT/R and DEN are provided by the 8088. 


A write cycle also begins with the assertion of ALE and the 
emission of the address. The IO/M signal is again asserted to 
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indicate a memory or I/O write operation. In T2, immediately 
following the address emission, the processor emits the data 
to be written into the addressed location. This data remains 
valid until at least the middle of T4. During T2, T3, and Tw, the 
processor asserts the write control signal. The write (WR) 
signal becomes active at the beginning of T2, as opposed to 
the read, which is delayed somewhat into T2 to provide time 
for the bus to float. 


The basic difference between the interrupt acknowledge cycle 
and a read cycle is that the interrupt acknowledge (INTA) 
signal is asserted in place of the read (RD) signal and the 
address bus is floated. (See Figure 1.) In the second of two 
successive INTA cycles, a byte of information is read from the 
data bus, as supplied by the interrupt system logic (i.e. 8259A 
priority interrupt controller). This byte identifies the source 
(type) of the interrupt. It is multiplied by four and used as a 
pointer into the interrupt vector lookup table, as described 
earlier. 


Bus Timing — Medium Complexity Systems 


For medium complexity systems, the MN/MX pin is connected 
to GND and the 8288 bus controller is added to the system, as 
well as an 8282/8283 latch for latching the system address, 
and an 8286/8287 transceiver to allow for bus loading greater 
than the 8088 is capable of handling. Signals ALE, DEN, and 
DT/R are generated by the 8288 instead of the processor in 
this configuration, although their timing remains relatively the 
same. The 8088 status outputs (S2, S1, and SO) provide type 
of cycle information and become 8288 inputs. This bus cycle 
information specifies read (code, data, or I/O), write (data or I/ 
O), interrupt acknowledge, or software halt. The 8288 thus 
issues control signals specifying memory read or write, 1/O 
read or write, or interrupt acknowledge. The 8288 provides two 
types of write strobes, normal and advanced, to be applied as 
required. The normal write strobes have data valid at the 
leading edge of write. The advanced write strobes have the 
same timing as read strobes, and hence, data is not valid at 
the leading edge of write. The 8286/8287 transceiver receives 
the usual T and OE inputs from the 8288's DT/R and DEN 
outputs. 





The pointer into the interrupt vector table, which is passed 
during the second INTA cycle, can derive from an 8259A 
located on either the local bus or the system bus. If the master 
8289A priority interrupt controller is positioned on the local 
bus, a TTL gate is required to disable the 8286/8287 
transceiver when reading from the master 8259A during the 
interrupt acknowledge sequence and software "poll". 


Memory Organization 


The processor provides a 20-bit address to memory which 
locates the byte being referenced. The memory is organized 
as a linear array of up to 1 million bytes, addressed as 
00000(H) to FFFFF(H). The memory is logically divided into 
code, data, extra data, and stack segments of up to 64K bytes 
each, with each segment falling on 16-byte boundaries. (See 
Figure 2.) 


All memory references are made relative to base addresses 
contained in high speed segment registers. The segment 
types were chosen based on the addressing needs of pro- 
grams. The segment register to be selected is automatically 
chosen according to the rules of the following table. All 
information in one segment type share the same logical 
attributes (e.g. code or data). By structuring memory into 
relocatable areas of similar characteristics and by automatical- 
ly selecting segment registers, programs are shorter, faster, 
and more structured. 


7? ) 
Sn FFFFFH 


CODE SEGMENT 


XXXXOHn 


ae SEGMENT 


SEGMENT 
REGISTER FILE 


BYTE 


WORD { | DATA SEGMENT 
=m 


EXTRA DATA SEGMENT 


C———TF o9900H 
DF004530 


Figure 2. Memory Organization 


Word (16-bit) operands can be located on even or odd 
address boundaries. For address and data operands, the least 
significant byte of the word is stored in the lower valued 
address location and the most significant byte in the next 
higher address location. The BIU will automatically execute 
two fetch or write cycles for 16-bit operands. 


Certain locations in memory are reserved for specific CPU 
operations. (See Figure 3.) Locations from addresses FFFFOH 
through FFFFFH are reserved for operations including a jump 
to the initial system initialization routine. Following RESET, the 
CPU will always begin execution at location FFFFOH where 
the jump must be located. Locations OO000H through 003FFH 
are reserved for interrupt operations. Four-byte pointers con- 
sisting of a 16-bit segment address and a 16-bit offset address 
direct program flow to one of the 256 possible interrupt service 
routines. The pointer elements are assumed to have been 
stored at their respective places in reserved memory prior to 
the occurrence of interrupts. 


Minimum and Maximum Modes 


The requirements for supporting minimum and maximum 8088 
systems are sufficiently different that they cannot be done 
efficiently with 40 uniquely defined pins. Consequently, the 
8088 is equipped with a strap pin (MN/Mx) which defines the 
system configuration. The definition of a certain subset of the 
pins changes, dependent on the condition of the strap pin. 
When the MN/Mx pin is strapped to GND, the 8088 defines 
pins 24 through 31 and 34 in maximum mode. When the MN/ 
MX pin is strapped to Vcc, the 8088 generates bus control 
signals itself on pins 24 through 31 and 34. 


FFFFFH 


RESET BOOTSTRAP 
PROGRAM JUMP 


FFFFOH 


7H 


INTERRUPT POINTER 
FOR TYPE 1 
INTERRUPT POINTER 
FOR TYPE 0 


Figure 3. Reserved Memory Locations 


4H 
3H 


oH 
DF004540 


Memory Segment Register Segment 
Reference Need Used Selection Rule 


CODE (CS) Automatic with all instruction prefetch 


Stack STACK (SS) All stack pushes and pops. Memory references relative to BP base reg- 
ister except data references 


Local Data DATA (DS) Data references when: relative to stack, destination of string operation, 
or explicitly overridden. 


override. 


Destination of string operations: Explicitly selected using a segment 





External (Global) EXTRA (ES) 
Data 
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8088 


The minimum mode 8088 can be used with either a multi- 
plexed or demultiplexed bus. The multiplexed bus configura- 
tion is compatible with the MCS-85'™ multiplexed bus periph- 
erals (8155, 8156, 8355, 8755A, and 8185). This configuration 
(see Figure 4) provides the user with a minimum chip count 
system. This architecture provides the 8088 processing power 
in a highly integrated form. 


The demultiplexed mode requires one latch (for 64K addressa- 
bility) or two latches (for a full megabyte of addressing). A third 
latch can be used for buffering if the address bus loading 
requires it. An 8286 or 8287 transceiver can also be used if 
data bus buffering is required. (See Figure 5.) The 8088 
provides DEN and DT/R to control the transceiver, and ALE to 





le Wh 
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latch the addresses. This configuration of the minimum mode 
provides the standard demultiplexed bus structure with heavy 
bus buffering and relaxed bus timing requirements. 


The maximum mode employs the 8288 bus controller. (See 
Figure 6.) The 8288 decodes status lines SO, 51, and $2, and 
provides the system with all bus control signals. Moving the 
bus control to the 8288 provides better source and sink 
current capability to the control lines, and frees the 8088 pins 
for extended large system features. Hardware lock, queue 
status, and two request/grant interfaces are provided by the 
8088 in maximum mode. These features allow co-processors 
in local bus and remote bus configurations. 


AF003450 


Figure 4. Multiplexed Bus Configuration 
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Figure 5. Demultiplexed Bus Configuration 
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Figure 6. Fully Buffered System Using Bus Controller 
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Figure 7. Basic System Timing 
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Figure 8. Medium Complexity System Timing 
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8088 


ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature -65 to + 150°C Commercial (C) Devices 
Voltage on any Pin Temperature (Ta) 

with Respect to Ground -1.0 to +7.0V Supply Voltage (Vcc) 
Power Dissipation ............ccceccesecseeerseecereseseeeusees 2.5W 


Stresses above those listed under ABSOLUTE MAXIMUM 

RATINGS may cause permanent device failure, Functionality Industrial (I) Devices 

at or above these limits is not implied. Exposure to absolute Temperature (Ta) 
maximum ratings for extended periods may affect device Supply Voltage (Vcc) 
reliability. 


Operating ranges define those limits between which the 
functionality of the device is guaranteed. 


DC CHARACTERISTICS 


[Parameters | Description | Test Conditions [Min [Max | Unite 
[Vic ___| put tow Votage——SSSCSC~—SCS~i MD SSC~C~‘“CSC‘ OSC 
[Vin [Input Figh Votage——SSCSCS~S~S~d Nts SCSC~C~‘dCSC*~“‘ SCS Ce ts 
[Vor | Output tow Votes ———SSSSSC~di te OmASSSC*dTSSCSCSC~‘“dSCiSSSCSS 
[Vou Output High Votage———S—S—SC~d tom 00 —SSSC*dSCaTSSC*dSC 
ioc [Power Supply Curent’ CSS 
iy [Input Leakage Curent ———SS—SCS~w Sc dT 
Tig | Output Leakage Curent __——~«dt BV Vou <Veo «dd rm 

Vor [ Glock input tow Votags ———SSC—C—~iSCSCSC~‘C~S~S~S~*Y 


Capacitance of Input Buffer (All input except 
ADg-AD7, RQ/GT) 


Voc +1.0 


Capacitance of 1/O Buffer (ADo-AD7, RQ/GT) | fo=1 MHz 


a 
loc Power Supply Current Ta=25°c {8088-1,-2 | 
P6088 oat ed 


+] 
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SWITCHING CHARACTERISTICS 
MINIMUM COMPLEXITY SYSTEM TIMING REQUIREMENTS 


8088 8088-2 8088-1 
Test 
Parameters Description Conditions 


TCLCL CLK Cycle Period 
TCLCH CLK Low Time 


TCH1CH2 From 1.0 to 3.5V 
TCL2CL1 From 3.5 to 1.0V 
TOLDX 


RDY Hold Time into 8284 
TCLAIX (See Notes 3, 4) 


TRYHCH READY Set-up Time into 8088 
READY Hold Time into 6088 [| Sid 
READY Inactive to CLK 
THVGH [HOLD Setup Time een et ral Ree! 
INTR, NMI, TEST Set-up Time 
Re a eae Eee ee 
input Rise Time (Except CLK) [From os tozov| | 2 | | 
PTIHIL | Input Fall Time (Except CLK) [From 20tooav} | 12 | | 
Notes: 1. Vi_ tested with MN/MX pin =0 V; Vi tested with MN/MX pin =5 V; MN/MX is a strap pin. 
2. Not applicable to RQ/GTO and RQ/GTT pins (pins 30 and 31). 
3. Signal at 8284 or 8288 shown for reference only. 
4. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 


‘5. Applies only to Tg and Wait states. 
6. Applies only to Ta state (8 ns into T3 state). 
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See Section 6 for Thermal Characteristics Information. 
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SWITCHING CHARACTERISTICS (Cont.) 
TIMING RESPONSES 


Description 


[ALE Active Delay | 


Test 
Conditions 


Parameters 
TCLAV 


TCLAZ 
TLHLL 
TCLLH 
TCHLL 


ALE Active Delay 


ALE Inactive Delay 


Address Hold Time to 
ALE Inactive 

Data Valid Delay 
Data Hold Time 


Data Hold Time After 
WR 


Control Active Delay 1 


TCLDV 
TCHDX 


TWHDX 


TCVCTV 
TCHCTV 
TCVCTX 
TAZRL 


Control Active Delay 2 | Cy = 20-100 pF 
for all 8088 
Contro! Inactive Delay Outputs (in addition 


Address Float to to interna! loads) 
READ Active 


Address Active 


Address Valid to ALE 
Low 


Output Rise Time From 0.8 to 2.0 V 
Output Fall Time From 2.0 to 0.8 V 


TCLRL 
TCLRH 
TRHAV 


TCLHAV 
TRLRH 
TWLWH 
TAVAL 





TOLOH 
TOHOL 


SWITCHING TEST INPUT/OUTPUT WAVEFORM 





1.5 —-— TEST POINTS —=>- 1.5 


WF006760 


AC testing inputs are driven at 2.4V for a logic "1"' and 
0.45V for a logic ''0". The clock is driven at 4.3V and 
0.25V. Timing measurements are made at 1.5V for both a 
logic "1" and ''0." 


ajo 
foi Keo) 


TCHCL -10 


oO 


TCLCH -30 


o;o!|o 


o};°o 


TCLCL -45 


oO 


2TCLCL -—75 
2TCLCL -60 
TCLCH -60 
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TCLCL -40 TCLCL -35 
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2TCLCL -50 
2TCLCL -40 
TCLCH -40 


2TCLCL ~40 
2TCLCL -35 
TCLCH -35 
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SWITCHING TEST LOAD CIRCUIT 


Cy. = 99 pF + 20 pF 


WFO006771 


CL Includes JIG Capacitance. 
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8088 


SWITCHING CHARACTERISTICS (Cont.) 


MAX MODE SYSTEM (USING 8288 BUS CONTROLLER) TIMING REQUIREMENTS 


Test 
Parameters Description Conditions 


TOLGL 
TOUGH 
TCHCL 
TCH1CH2 From 1.0 to 3.5V 
TCL2CL1 From 3.5 to 1.0V 
TOVCL 
TOLDX 


RDY Set-up Time into 8284 
TRIVCL (See Notes 1, 2) 

RDY Hold Time into 8284 
TCLRIX (See Notes 1,2) 
TRYHCH READY Set-up Time into 8088 


TCHRYX READY Hold Time into 8088 


READY Inactive to CLK 
(See Note 4) 


Set-up Time for Recognition 
TINVCH (INTR, NMI, TEST) 
(See Note 2) 


TGVCH RQ/GT Set-up Time 
TCHGX RQ Hold Time into 8086 


Input Rise Time 
TILIH (Except CLK) From 0.8 to 2.0V 


Input Fall Time 
TIHIL (Except CLK) From 2.0 to 0.8V 


a 
rs 


= 
Oo 


~s 
o 


= 
o 


TRYLCL 


— 
a 


No 
Oo 


= 
tw 


Notes: 1. Signal at 8284 or 8288 shown for reference only. 
2. Set-up requirement for asynchronous signal only to guarantee recognition at next CLK. 
3. Applies only to Tg and Wait states. 
4. Applies only to To state (8ns into Tg state). 
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SWITCHING CHARACTERISTICS (Cont.) 
TIMING RESPONSES 


Test 
Conditions 


Parameters Description 


Command Active Delay 
(See Note 1) 


Command Inactive Delay 
(See Note 1) 


READY Active to Status 
Passive (See Note 3) 


Status Active Delay 
Status Inactive Delay 
Address Valid Delay 
Address Hold Time 
Address Float Delay 


Status Valid to ALE High 
(See Note 1) 


Status Valid to MCE High 
(See Note 1) 


CLK Low to ALE Valid 
(See Note 1) 


CLK Low to MCE High 
TCLMCH (See Note 1) 


ALE Inactive Delay CL = 20-100 pF 
TUL (See Note 1) for all 8088 
outputs (in addition 
MCE Inactive Delay to internal loads) 
TCLMCL (See Note 1) 


TCLDV Data Valid Delay 
TCHDX Data Hold Time 


Control Active Delay 
TENE (See Note 1) 

Control Inactive Delay 
Teun (See Note 1) 

Address Float to 
dee 
TCLRL RD Active Delay 
TCLRH RD Inactive Delay 


RD Inactive to Next 
TRHAV Address Active 

Direction Control Active 
ee Delay (See Note 1) 

Direction Contro! inactive 
TCHDTH Delay (See Note 1) 


TCLGL GT Active Delay 


TCLGH GT Inactive Delay 
TRLRH 


TOLOH 
TOHOL 


TCLML 


TCLMH 


TRYHSH 


TCHSV 
TCLSH 
TCLAV 


& 


4 


TCLAZ 
TSVLH 


TSVMCH 


TCLLH 


RD Width 


Output Rise Time 
Output Fall Time 





From 0.8 to 2.0V 
From 2.0 to 0.8V 


ee 


oO 


o 


70 


_ 
- 
Oo 


10 


_ 


+ 
! 5 ~~ 9) = 


5 


1 
15 
10 
4 


5 


10 
} 10 
TCLCL 
-40 


2TCLCL 
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Notes: 1. Signal at 8284 or 8288 shown for reference only. 
2. Setup requirement for asynchronous signal only to guarantee recognition at next CLK. 
3. Applies only to T3 state and Wait states. 
4. Applies only to To state (8 ns into T3 state). 
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8088 


SWITCHING WAVEFORMS 


BUS TIMING - MINIMUM MODE SYSTEM 
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SWITCHING WAVEFORMS (Cont.) 


BUS TIMING -MINIMUM MODE SYSTEM (Cont.) 





SOFTWARE HAL 


7 
ok enerannn ADy-ADg 
OT/R INDETERMINATE 


WFO006780 


Notes: 1. All signals switch between Voy and Vo. unless otherwise specified. 
2. RDY is sampled near the end of Tz, T3, Tw to determine if Tw machines states are to be inserted. 


3. Two INTA cycles run back-to-back. The 8088 local ADDR/DATA bus is floating during both INTA cycles. Control signals 
are shown for the second INTA cycle. 


4. Signals at 8284 are shown for reference only. 
5. All timing measurements are made at 1.5V unless otherwise noted. 
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8088 


SWITCHING WAVEFORMS (Cont.) 


BUS TIMING -MAXIMUM MODE 


TCL2CL1 


WF006810 
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SWITCHING WAVEFORMS (Cont.) 
BUS TIMING - MAXIMUM MODE SYSTEM (USING 8288) 


bs YT. Ts 


Vou T Tw 


1 2 
‘CHSV 
a? ae eee ne OD SD GD ee 


re a a ee 
| fest | = 


CK 


TCLSH TCHOX 


if ce oe a sl |) 
=a 


“| pt 
= il 
ee il [ies 
Ais-As RESERVED FOR 
CASCADE ADDR 


s 
(SEE NOTES 3, 4) FLOAT 
A 


» ! FLOAT 
rel a a 
/ 
ret = 
" ae aT 
ay, ie 











SOFTWARE e 
HALT — (DEN = Voy; RO, MDG, ORC, MWTC, AMWC, IOWG, AIOWG, INTA, DT/R = Voy). 


ADy-ADg, Arg-Ag 


WF006800 


All signals switch between Vox and VoL unless otherwise specified. 

. RDY is sampled near the end of To, T3, Tw to determine if Tw machines states are to be inserted. 

. Cascade address is valid between first and second INTA cycles. 

. Two INTA cycles run back-to-back. The 8088 local ADDR/DATA bus is floating during both INTA cycles. Control for pointer’ 
address is shown for second INTA cycle. 

. Signals at 8284 or 8288 are shown for reference only. 

. The issuance of the 8288 command and control signals (MRDC, MWTC, AMWC, IORC, IOWC, AIOWC, INTA, and DEN) 
lags the active high 8288 CEN. 

. All timing measurements are made at 1.5V unless otherwise noted. 

. Status inactive in state just prior to T4. 
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8088 


SWITCHING WAVEFORMS (Cont.) 


ASYNCHRONOUS SIGNAL RECOGNITION BUS LOCK SIGNAL TIMING (MAXIMUM MODE 
ONLY) 


ANY CLK cYCLe=| ANY CLK cycle =| 


TINVCH (SEE NOTE 1) 
NMI 


'NTR SIGNAL 


TEST 


WF006820 WF006830 


Note 1: Set-up requirements for asynchronous signals only 
to guarantee recognition at next CLK. 


REQUEST/GRANT SEQUENCE TIMING (MAXIMUM MODE ONLY) 


COPROCESSOR 


(SEE NOTE 1) 
WF006840 


Note 1: The coprocessor may not drive the buses outside the region shown without rising contention. 


HOLD/HOLD ACKNOWLEDGE TIMING (MIMIMUM MODE ONLY) 


>1 CLK CYCLE 1 OR 2 CYCLES 


THVCH (SEE NOTE 4) 


TCLHAV 


SS 


COPROCESSOR 8068 


WFO006850 


Note 1: All signals switch between VoH and Vo, unless otherwise specified. 
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DATA TRANSFER 
MOV = Move 


Register/memory to/from register 
Immediate to register/memory 
Immediate to register 

Memory to accumulator 

Accumulator to memory 
Register/memory to segment register 


Segment register to register/memory 


PUSH = Push: 


Register/memory 
Register 


Segment register 


POP = Pop: 
Register/memory 
Register 


Segment register 


XCHG = Exchange: 
Register/memory with register 


Register with accumulator 


IN = Input from: 
Fixed port 
Variable port 


OUT = Ouput to: 

Fixed port 

Variable port 

XLAT = Transtate byte to AL 
LEA = Load EA to register 
LDS = Load pointer to DS 
LES = Load pointer to ES 
LANF = Load AH with flags 
SANF = Store AH into flags 
PUSHF = Push flags 

POPF = Pop flags 


Mnemonics ©lntel, 1978 


8086/8088 
INSTRUCTION SET SUMMARY 


76543210 76543210 76543210 76543210 
100010dw mod reg r/m 


mod 0 0 0 r/m 
addr-low addr-high 


1010001w addr-low addr-high 


101 1w reg 
1010000w 


10001110 mod 0 reg r/m 


10001100 mod 0 reg r/m 


111111141 mod 1 1 0 r/m 
01010 reg 
000reg110 


10001111 mod 0 0 0 r/m 
01011 reg 


000regit1 


1000011w mod reg r/m 


10010 reg 


1110010w 
1110110w 


1110111w 
11010111 


10001101 mod reg r/m 
11000101 mod reg r/m 


11000100 mod reg r/m 


10011111 
10011110 
10011100 


10011101 
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8088 


ARITHMETIC 
ADD = Add 


Reg/memory with register to either 
Immediate to register / memory 


Immediate to accumulator 


ADC = Add with carry: 
Reg/memory with register to either 
Immediate to register/memory 


Immediate to accumulator 


INC = Increment: 
Register/memory 

Register 

AAA = ASCII adjust for add 
DAA = Decimal adjust for add 


SUB = Subtract: 
Reg/memory and register to either 
Immediate from register/memory 


Immediate from accumulator 


SBB = Subtract with borrow: 
Reg/memory and register to either 
Immediate from register/memory 


Immediate from accumulator 


DEC = Decrement: 
Register/memory 
Register 


NEG Change sign 


CMP = Compare: 
Register/memory with register 
Register with register/memory 
Immediate with register/memory 
Immediate with accumulator 
AAS ASCII adjust for subtract 
DAS Decimal adjust for subtract 
MUL Mulitiply (unsigned) 

IMUL Integer multiply (signed): 
AAM ASCII adjust for multiply 
DIV Divide (unsigned): 

IDIV Integer divide (signed) 
AAD ASCH adjust for divide 
CBW Convert byte to word 


CWD Convert word to double word 


Mnemonics ©lIntel, 1978 


INSTRUCTION SET SUMMARY (Cont.) 


76543210 76543210 76543210 76543210 


o00000dw mod reg r/m 


100000sw mod 0 0 0 r/m data if s;w=01 


0000010w data if w= 1 


000100dw mod reg r/m 


100000sw mod 0 1 0 r/m data if sw=01 


0001010w data 


1111111w mod 000 r/m 


01000 reg 


00110111 
00100111 


001010dw 


mod reg r/m 
100000sw mod 101 r/m data if sw=01 


0010110w data if w=1 


000110dw mod reg r/m 


100000sw mod 0 1 1 r/m 


data if sw=01 


0001110w data data if w=1 


1111111Ww mod 001 r/m 


01001 reg 


1111011Ww mod 0 11 r/m 


0011101Ww mod reg r/m 


0011100Ww mod reg r/m 


100000swWw mod 111 4r/m data if sw =01 


0011110w 
00111111 
00101111 


1111011w mod 100 r/m 


1111011w mod 10 1 r/m 


11010100 00001010 
11110114w mod 110 r/m 


1111011w mod 111 1r/m 


411010101 00001010 
10011000 
10011001 





LOGIC 


NOT Invert 

SHL/SAL Shift logical/arithmetic left 
SHR Shift logical right 

SAR Shift arithmetic right 

ROL Rotate left 

ROR Rotate right 

RCL Rotate through carry flag !eft 
RCR Rotate through carry right 


AND = And: 
Reg/memory and register to either 
Immediate to register/memory 


Immediate to accumulator 


TEST = And function to flags, no result: 


Register/memory and register 
Immediate data and register/memory 


Immediate data and accumulator 


OR = Or: 
Reg/memory and register to either 
Immediate to register/memory 


Immediate to accumulator 


XOR = Exclusive or: 
Reg/memory and register to either 
Immediate to register/memory 


Immediate to accumulator 


STRING MANIPULATION: 


REP = Repeat 

MOVS = Move byte/word 

CMPS = Compare byte/word 
SCAS = Scan byte/word 

LODS = Load byte/wd to AL/AX 
STOS = Stor byte/wd from AL/A 


Mnemonics ©Intel, 1978 


INSTRUCTION SET SUMMARY (Cont.) 


76543210 76543210 76543210 76543210 
1111011WwW mod 0 10 r/m 


110100vw mod 10 0 r/m 


110100VvWw mod 1 0 1 r/m 


mod 1 1 1 r/m 


110100vw mod 0 0 0 r/m 


110100vw mod 0 0 1 r/m 
110100vw mod 0 10 r/m 


mod 011 1r/m 


001000dw mod reg r/m 


1000000w mod 10 0 r/m 


0010010w data data ifw=1 


1000010w mod reg r/m 


1111011Ww mod 0 0 0 r/m 


1010100w data if w= 1 


000010dw 


mod reg r/m 
1000000WwW mod 0 0 1 r/m data data if w=1 
0000110w da 


ny 


data if w= 1 


001100dw mod reg r/m 


1000000WwW mod 1 1 0 r/m data if w=1 


0011010Ww 


1010010w 
1010011w 
101011i1w 
1010110w 
1010101Ww 
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8088 


INSTRUCTION SET SUMMARY (Cont) 


CONTROL TRANSFER 


CALL = Call 76543210 76543210 76543210 76543210 
Direct within segment 11101000 disp-high 


indirect within segment 171111111 mod 0 1 0 r/m 


Direct intersegment 1001711010 offset-low offset-high 


seg-low seg-high 


mod 0 1 11r/m 


Indirect intersegment 11111111 


JMP = Unconditional jump: 
Direct within segment 11101001 disp-high 


Direct within segment-short 111041011 
Indirect within segment mod 100 r/m 


offset-low 


Direct intersegment 11101010 oftset-high 


ség-low seg-high 


Indirect intersegment 11111111 mod 1 0 1 r/m 


RET = Return from CALL: 
Within segment 11000011 


Within seg adding immed to SP 11000010 data-low 


data-high_ 
Intersegment 11001011 


Intersegment adding immediate to SP 11001010 data-low data-high 


JE/JZ = Jump on equal/zero 01110100 
JL/JNGE = Jump on less/not greater or equal 01111100 


JLE/JNG = Jump on less or equal/not greater 
JB/JNAE = Jump on below/not above or equal 01110010 
JBE/JNA = Jump on below or equal/not above 01110110 


JP/JPE = Jump on parity/parity even 01111010 
JO = Jump on overflow 01110000 
JS = Jump on sign , 01111000 


JNE/JNZ = Jump on not equal/not zero 
JNL/JGE = Jump on not less/greater or equal 011111041 


JNLE/JG = Jump on not less or equal/greater o11111141 
JNB/JAE = Jump on not below/above or equal 01110011 


JNBE/JA = Jump on not below or equal/above 


JNP/JPO = Jump on not par/par odd 01111011 


JNO = Jump on not overflow 01110001 
JNS = Jump on not sign 01111001 


LOOP = Loop CX times 11100010 
LOOPZ/LOOPE = Loop while zero/equal 11100001 
LOOPNZ/LOOPNE = Loop while not zero/equal 11100000 


JCXZ = Jump on CX zero 114100011 
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INSTRUCTION SET SUMMARY (Cont.) 


CONTROL TRANSFER (Cont.) 
INT = Interrupt 

Type specified 

Type 3 

INTO = Interrupt on overflow 


IRET = Interrupt return 


PROCESSOR CONTROL 


CLC = Clear carry 

CMC = Complement carry 

STC = Set carry 

CLD = Clear direction 

STD = Set direction 

CLI = Clear interrupt 

STI = Set interrupt 

HLT = Halt 

WAIT = Wait 

ESC = Processor Extension Escape 


LOCK = Bus lock prefix 


Footnotes: 


AL = 8-bit accumulator 

AX = 16-bit accumulator 

CX = Count register 

DS = Data segment 

ES = Extra segment 

Above/below refers to unsigned value. 

Greater = more positive. 

Less = less positive (more negative) signed values 

if d=1 then "to" reg; if d=0 then "from" reg 

w= 1 then word instruction; if w=0 then byte instruction 


if mod = 11 then r/m is treated as a REG field 

if mod = 00 then DISP =0 , disp-low and disp-high are absent 

if mod = 01 then DISP = disp-low sign-extended to 16-bits, disp-high is 
absent 

if mod = 10 then DISP = disp-high: disp-low 


if r/m=000 then EA = (BX) + (SI) + DISP 
if r/m = 001 then EA = (BX) + (Dl) + DISP 
if r/m=010 then EA = (BP) + (SI) + DISP 
if r/m=011 then EA = (BP) + (Dl) + DISP 
if r/m = 100 then EA = (SI) + DISP 

if r/m = 101 then EA = (Dl) + DISP 

if r/m=110 then EA = (BP) + DISP* 

if r/m = 111 then EA = (BX) + DISP 


DISP follows 2nd byte of instruction (before data if required) 
"except if mod =00 and r/m= 110 then EA =disp-high: disp-low. 


Mnemonics ©Intel, 1978 


76543210 


76543210 
type 


76543210 76543210 


11001100 
11001110 


11001111 


11111000 
11110101 
11111001 
11111100 
11111101 
11111010 
11111011 
11110100 
10011011 


11110000 


if sw=01 then 16 bits of immediate data form the operand. 

if sw=11 then an immediate data byte is sign extended to form the 
16-bit operand. 

if v=0 then "'count'' = 1; if v=1 then "count'’ in (CL) 

x = don't care 

z is used for string primitives for comparison with Z.F Flag. 


SEGMENT OVERRIDE PREFIX 
0 0 1 reg 1 1 «0 


REG is assigned according to the following table: 


16-Bit_ (w= 1) 8-Bit_(w = 0) 
000 AX 000 AL 
001 CX 001 CL 
010 DX 010 DL 
011 BX 011 BL 
100 SP 100 AH 
101 BP 101 CH 
110 SI 110 DH 
111 Dl 111 BH 


Instructions which reference the flag register files as a 16-bit object 
use the symbol FLAGS to represent the file: 


FLAGS = X:X:X:X:(OF):(DF):(TF):(SF):(ZF):X:(AF):X:(PF):X:(CF) 





3-245 


ies] 
oS 
foe] 
eo 





8155(H)/8156(H) 


2048-Bit Static MOS RAM with !/O Ports and Timer 


DISTINCTIVE CHARACTERISTICS 


8155(H)/8156(H) 


256 word x 8-bits 

Single +5 V power supply 
Completely static operation 
Internal address latch 


2 programmable 8-bit 1/O ports 

1 programmable 6-bit I/O port 
Programmable 14-bit binary counter/timer 
Multiplexed address and data bus 


GENERAL DESCRIPTION 


The 8155(H) and 8156(H) are RAM and 1/O chips to be 
used in the 8085AH MPU system. The RAM portion is 
designed with 2K bit static cells organized as 256 x 8. They 
have a maximum access time of 400ns to permit use with 
no wait states in 8085AH CPU. The 8155H-2 and 8156H-2 
have maximum access times of 330ns for use with the 
8085AH. The I/O portion consists of three general purpose 


!/O ports. One of the three ports can be programmed to be 
status pins, thus allowing the other two ports to operate in 
handshake mode. 


A 14-bit programmable counter/timer is also included on 
chip to provide either a square wave or terminal count pulse 
for the CPU system depending on timer mode. 


BLOCK DIAGRAM 


TIMER CLK 
TIMER OUT 


Vec(+5V) 
Vss(0V) 
BD003810 


*8155H = CE, 8156H = CE 


Publication # Rev. 
00934 Cc 
Issue Date: April 1987 


Amendment 
0 





CONNECTION DIAGRAM 
Top View 


DIPs 


Vec 
PCs 


PC, 
PCy 


PC; 

PC, 
TIMER IN 
RESET 


toe] 
ard 
oi 
oi 
~~ 
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PBs 
1o/M PB, 
CEor CE 

RO 


WR 


OON MOB WD 


PB3 
PBo 


—_— ot 
— © 


~~ 
ND 


PBo 
PA; 
PAs 
PAs 


ADo 
AD, 
AD, 
AD3 
AD, 
ADs 
ADs 
AD, 
Vss 


or are care ard 
NOOO & W 


PA3 


pao 
oo @ 


PAy 
CD005584 


Note: Pin 1 is marked for orientation. 
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8155(H)/8156(H) 


ORDERING INFORMATION 


Commodity Products 


AMD commodity products are available in several packages and operating ranges. The order number (Valid Combination) is formed 
by acombination of: a. Temperature Range 

b. Package Type 

c. Device Number 

d. Speed Option 

e. Optional Processing 


8155 


e. OPTIONAL PROCESSING 
Blank = Standard Processing 
B = Burn-in 


d. SPEED OPTION 
Blank = 2.5 MHz 
-2= 3 MHz 


c. DEVICE NUMBER/DESCRIPTION 
8155(H)/8156(H) 
2048-Bit Static MOS RAM with 1/O Ports 
and Timer 


b. PACKAGE TYPE 
P = 40-Pin Plastic DIP (PD 040) 
D = 40-Pin Ceramic DIP (CD 040) 


a. TEMPERATURE RANGE* 
Blank = Commercial (0 to + 70°C) 
| = Industrial (-40 to + 85°C) 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
8155H combinations, to check on newly released valid combinations, 
8155-2 and to obtain additional data on AMD's standard military 
8155H-2 grade products. 

8156 . : + 

B156H ; *This device is also available in Military temperature range. 
See MOS Microprocessors and Peripherals Military Handbook 
(Order #09275A/0) for electrical performance characteris- 
tics. 


Valid Combinations 


8156H-2 
8155B 
8155HB 
8155-2B 
8155H-2B 
8156B 
8156HB 
8156-2B 
8156H-2B 





PIN DESCRIPTION 


4 RESET The Reset signal is a pulse provided by the 8085AH to initialize the 
system. Input high on this line resets the chip andi initializes the three 
1/O ports to input mode. The width of RESET pulse should typically be 
600ns. (Two 8085AH clock cycle times). 

12-19 ADo-AD7 1/0 These are 3-state Address/Data lines that interface with the CPU lower 
8-bit Address/Data Bus. The 8-bit address is latched into the address 
latch on the falling edge of the ALE. The address can be either for the 
memory section or the I/O section depending on the polarity of the 
10/M input signal. The 8-bit data is either written into the chip or read 
from the chip depending on the status of WRITE or READ input signal. 


CE OR CE Chip Enable: On the 8155(H) this pin is CE and is active low. On the 
8156(H) this pin is CE and is active high. 


Input low on this line with the Chip Enable active enables the ADo.7 
buffers. If IO/M pin is LOW, the RAM content will be read out to the 
AD bus. Otherwise, the content of the selected I/O port will be read to 
the AD bus. 

Input low on this line with the Chip Enable active causes the data on 


the AD lines to be written to the RAM or I/O ports, depending on the 
polarity of [O/M. 
Address Latch Enable: This control signal latches the address on the 
PAg-PA7 
PBo-PB7 


ADo.7 lines and the state of the Chip Enable and 10/M into the chip at 
the falling edge of ALE. 
; PCo-PC5 
1,2, 5 


(H)9S1-8/(H)SSL8 


IO/MEMORY Select: This line selects the memory if LOW and selects 
the IO if HIGH. 


These 8 pins are general purpose I/O pins. The in/out direction is 
selected by programming the Command/Status Register. 


These 8 pins are general purpose I/O pins. The in/out direction is 
selected by programming the Command/Status Register. 


1/0 
1/0 
1/0 


i?) 
N 
[ee] 
ite) 


These 6 pins can function as either input port, output port, or as control 
signals for PA and PB. Programming is done through the C/S Register. 
When PCpo.5 are used as control signals, they will provide the following: 

PCo-A INTR (Port A Interrupt) 

PCy-A BF (Port A Buffer Full) 

PCo-A STB (Port A Strobe) 

PC3-B INTR (Port B Interrupt) 

PC,4-B BF (Port B Buffer Full) 

PCs-B STB (Port B Strobe) 


This is the timer input to the counter timer. 





E 
TIMER IN 
M 


LU 
TIMER This pin is the timer output. This output can be either a square wave or 
UT a pulse depending on the timer mode. 


Lh 
Oo 


¢ 


+5 volt supply. 


Ground reference. 
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8155(H)/8156(H) 








The 1/0 portion contains four registers (Command/Status, 
PAo.7, PBo.7, PCo-5). The |O/M (lO/Memory Select) pin 


DETAILED DESCRIPTION 













The 8155(H)/8156(H) includes the following operational fea- selects the I/O or the memory (RAM) portion. Detailed 
Kiros: descriptions of memory, I/O ports and timer functions will 
@ 2K Bit Static RAM organized as 256x8 follow. 

© Two 8-bit I/O ports (PA and PB) and one 6-bit I/O port (PC) The 8-bit address on the AD lines, the Chip Enable input, and 
@ 14-bit down counter 10/M are all latched on chip at the falling edge of ALE. A LOW 






on the |O/M must be provided to select the memory section. 


OR 


a nd 
WF008872 


Note: For detailed timing diagram information, see Read/Write Cycle Timing Diagrams and Switching 
Characteristics. 



























Figure 1. Memory Read/Write Cycle 











PROGRAMMING INFORMATION gee Bee ge ee a ay 
The Command/Status Register [72] 7m, | e8| tea] Pca] rey] pe | a | 


The command register consists of eight latches, one for each Defines PAyy i 






© = input 


bit. Four bits (0-3) define the mode of the ports. Two bits (4-5) ine 


enable or disable the interrupt from Port C when it acts as 
control port, and the last two bits (6-7) are for the timer. 


Defines PBy.7 







00 = ALT 1 
The C/S register contents can be altered at any time by using Defines PCo.s { pee 
the 1/O address XXXXX000 during a WRITE operation. The 10 = ALT 4 
meaning of each bit of the command byte is defined as coat Beak 
follows: Interrupt 1 = Enable 
Enable Port B I 0 = Disable 
Interrupt 





00 = NOP — Do not affect counter operation. 
01 = STOP — NOP iftimer has not started; stop 
Counting if the timer is running . 
10 = STOP after TC — Stop immediately after 
Present TC is reached (NOP if timer 
has not started). 
11 = START - Load mode and CNT length and 
Start immediatety atter loading {if timer 
is not presently running). If timer is running, 
Start the new mode and CNT length immediately 
after present TC is reached. 







TIMER COMMAND 








DF003361 


Figure 2. Command/Status Register Bit 
Assignment 






3-250 


Reading the Command/Status Register 


[contror [Input Mode | Output Mode — 


The status register consists of seven latches, one for each bit: 
six (0-5) for the status of the ports and one (6) for the status of 
the timer. 


The status of the timer and the I/O section can be polled by 


reading the C/S Register (Address XXXXX000). Status word 
format is shown below: 


AD, ADs AD, AD; AD, AD, ADo 


The set and reset of INTR and BF with respect to STB, WR 
and RD timing are shown in Strobed I/O Timing Diagrams. 


To summarize, the register’s assignments are: 


eo 
ond, 
isa 
ol 
-~ 
<= 
— 
~ 
ios) 
ot, 
on 
o 
~ 
<= 
— 


No. of 
Address Pal 


XXXXX000 Command/Status Register 
XXXXX001] PAg.7 {General Purpose I/O Port 2 


Port A Interrupt Request 


Port A Butter Full/Empty (Input/Output) 


Port A Interrupt Enable 


XXXXX010| PBo.7 |General Purpose /0 Port | 8 | 


XXXXX011] PCo.5 |General Purpose I/O Port or 
Control Lines 


Port B Interrupt Request 


Port B Buffer FulvEmpty (Input/Output) 


Port B Interrupt Enabled 





Timer interrupt (This bit is latched high 
when terminal count is reached. it is 
reset by reading the C/S register and 
by hardware reset.) 


DF003370 


Figure 3. Command/Status Register Status 
Word Format 


Input/Output Section 


The I/O section of the 8155(H)/8156(H) consists of four 

registers as described below. 

® Command/Status Register (C/S)—This register is as- 
signed the address XXXXXOOO. The C/S address serves a 
dual purpose. 
When the C/S register is selected during WRITE operation, 
a command is written into the command register. The 
contents of this register are not accessible through the 
pins. 
When the C/S (XXXXX000) is selected during a READ 
operation, the status information of the 1/O ports and the 
timer becomes available on the ADpo.7 lines. 
PA Register — This register can be programmed to be 
either input or output ports, depending on the status of the 
contents of the C/S Register. Also, depending on the 
command, this port can operate in either the basic mode or 
the strobed mode (see timing diagram). The I/O pins 
assigned in relation to this register are PAp.7. The address 
of this register is XXXXX001. 
PB Register— This register functions the same as PA 
Register. The I/O pins assigned are PBo.7. The address of 
this register is XXXXX010. 
PC Register — This register has the address XXXXX011 
and contains only 6 bits. The 6 bits can be programmed to 
be either input ports, output ports or as control signals for 
PA and PB properly programming the ADo and AD3 bits of 
the C/S register. 
When PCo.5 is used as a control port, 3 bits are assigned 
for Port A and 3 for Port B. The first bit is an interrupt that 
the 8155(H) sends out. The second is an output signal 
indicating whether the buffer is full or empty, and the third is 
an input pin to accept a strobe for the strobed input mode. 
See Table 1. 


When the ''C" port is programmed to either ALT3 or ALT4, the 
control signals for PA and PB are initialized as follows: 
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The following diagram shows how I/O Ports A and B are 
structured within the 8155(H) and 8156(H): 


INTERNAL DATA BUS 


AF003060 


Figure 4. 8155(H)/8156(H) One Bit of Port A 
or Port B 


Notes: 1. 

2. Simple Input 
3. Strobed Input 
4 


Output Mode 
Multiplexer Control 


. =1 for output mode. 
= 0 for input mode. 
Read Port = (1O/M = 1) « (RD =0) e (CE active) « (Port 
address selected) 
Write Port = (IO/M = 1) « (WR=0) « (CE active) « (Port 
address selected) 


Note in the diagram that when the I/O ports are programmed 
to be output ports, the contents of the output ports can still be 
read by a READ operation when appropriately addressed. 


Note also that the output latch is cleared when the port enters 
the input mode. The output latch cannot be loaded by writing 
to the port if the port is in the input mode. The result is that 
each time a port mode is changed from input to output, the 
output pins will go LOW. When the 8155(H)/8156(H) is 
RESET, the output latches are all cleared and all 3 ports enter 
the input mode. 


When in the ALT 1 or ALT 2 modes, the bits of Port C are 
structured like the diagram above in the simple input or output 
mode, respectively. 


Reading from an input port with nothing connected to the pins 
will provide unpredictable results. 








8155(H)/8156(H) 


Table 1. Table of Port Control! Assignment 


em [airs [Ara [ane + S—=CiC i” 


| Me | Ms | ta | Tre | Tr | To | To | To | 
ae ee 


a 


Timer Section 


The timer is a 14-bit down counter that counts the ''timer 
input'' pulses and provides either a square wave or pulse 
when terminal count (TC) is reached. 


The timer has the |/O address XXXXX100 for the low order 
byte of the register and the I/O address XXXXX101 for the 
high order byte of the register. 


To program the timer, the COUNT LENGTH REG is loaded 
first, one byte at a time, by selecting the timer addresses. Bits 
0 - 13 will specify the length of the next count, and bits 14 - 15 
will specify the timer output mode. The value loaded into the 
count length register can have any value from 2y through 
SFFFy in bits 0-13. 


There are four modes to choose from: 
0-Puts out LOW during second half of count 
1-Square wave 

2-Single pulse upon TC being reached 


3-Repetitive single pulse every time TC is readied and 
automatic reload of counter upon TC being reached until 
instructed to stop by a new command loaded into C/S. 


Bits 6 - 7 of the Command/Status Register Contents are used 
to start and stop the counter. There are four commands to 
choose from. (See the further description on Command/ 
Status Register.) 


C/S7 C/S6 
0 0 NOP ~ Do not affect counter operation. 
STOP - NOP if timer has not started; stop 
counting if the timer is running. 
STOP AFTER TC-—Stop immediately after 
present TC is reached (NOP if timer has 
not started). 
START -Load mode and CNT length and 
start immediately after loading (if timer is 
not presently running). !f timer is running, 
start the new mode and CNT length imme- 
diately after present TC is reached. 


TIMER MODE MSB OS CNT LENGTH 


See ee aa 


M2 
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LSB OF CNT LENGTH 
Figure 5. Timer Format 
M2 and M1 define the timer mode as follows: 
M1 


0 0 
0 1 


Puts out LOW during second half of count. 
Square wave, i.e., the period of the square 
wave equals the count length programmed 
with automatic reload at terminal count. 
Single pulse upon TC being reached. 
Automatic reload, i.e., single pulse every 
time TC is reached. 


Note: !n case of an asymmetric count, |.e., 9, larger half of the count will 
be HIGH, the larger count will stay active as shown in Figure 5. 


_|==r 


WF007260 


Note: 5 and 4 refer to the number of clock cycles in that time period. 


Figure 6. Asymmetric Count 


The counter in the 8155(H) is not initialized to any particular 
mode or count when hardware RESET occurs, but RESET 
does stop the counting. Therefore, counting cannot begin 
following RESET until a START command is issued via the 
C/S register. 





8185A Minimum System Configuration 


Figure 7 shows a minimum system using three chips, containing 256 Bytes RAM, 2K Bytes EPROM, 38 !/O Pins, 1 Interval Timer, 


and 4 Interrupt Levels. 


8085AH 


4 
ieee ate 


16K EPROM 


AF004690 


Figure 7. 8085AH Minimum System Configuration (Memory Mapped 1!/0) 
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8088 Five-Chip System 


Figure 8 shows a five-chip system containing 1.25K Bytes RAM, 2K Bytes EPROM, 38 I/O Pins, 1 Interval Timer, and 2 Interrupt 
Levels. 


8155(H)/8156(H) 


AF004700 


Figure 8. 8088 Five-Chip System Configuration 
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ABSOLUTE MAXIMUM RATINGS 


~65°C to +150°C 
-0.5 to +70 V 


Storage Temperature 

Voc with Respect to Vss 

All Signal Voltages With 
Respect to Vss -0.5 V to +7.0 V 

Power Dissipation .............ccccccseeeeeessceseeeeessctsnens 1.5 W 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


OPERATING RANGES 


Commercial (C) Devices 
Temperature (Ta) 
Supply Voltage (Vcc) 

8155/8156 

8155H/8156H 
Supply Current (Icc) 

8155/8156 


Industrial (I) Devices 


Temperature (Ta) -40 to +85°C 


(H)9SL8/(H)SSL8 


5 V £10% 


Operating ranges define those limits between which the 
functionality of the device is guaranteed. 


Supply Voltage (Vcc) 


DC CHARACTERISTICS over operating ranges unless otherwise specified 


[Parameters ___beseription | Test Gonaions [Win [Max [Units 
vu | pat tow vonage ——SSSC~dSOSSCS~S~S~S~S 08 || vo 
vin | np High Vonage ————SSS—*iESSSSSSCS*d (80ers |v 
[vor] Output tow vonage ——=SSCS~d mA SS*d Sis | | 
[Ye es Pa ta 
a 


| 8155, 8156 | 8156 


8155H, 8156H 


| 8155H, 8155 | 8155 


< Vout < Vcc ae 


Voc Supply Current 


loc 


li. (CE) Chip Enable Leakage 





Vin = Voc to 0 V 
8156H, 8156. | NOC 


SWITCHING TEST INPUT/OUTPUT WAVEFORM 


TEST POINTS 


\ 
WF007340 


Inputs are driven at 2.4 V for a Logic ''1"' and 0.45 V for a Logic ''0"'. Timing measurements are made at 
2.0 V for a Logic ''1"' and 0.8 V for a Logic "0". 


SWITCHING TEST CIRCUIT 


DEVICE 
UNDER 
TEST 


TC002191 


C_ = 150pF 
CL Includes Jig Capacitance 





See Section 6 for Thermal Characteristics Information 
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8155(H)/8156(H) 






SWITCHING CHARACTERISRICS over operating ranges unless otherwise specified 


8155H, 8156H 8155H-2, 8156H-2 
Parameters Description | min | Max | min | Max _| 
eae ee Se ee ee Ee 


Address to Latch Setup Time 


Latch to READ/WRITE Control 00 | 40 | 
5 


E 


P— 
?) 


Valid Data Out Delay from READ Control 
Address Stable to Data Out Valid 
Latch to Data Out Valed 


WRITE to TIMER-IN (For Writes Which Start 
Counting) 


Latch Enable Width 

Data Bus Float After READ 
READ/WRITE Control to Latch Enable 
WRITE Control to Latch Enable for C/S Register 
READ/WRITE Control Width 

tow Data in to WRITE Setup Time 

Data in Hold Time After WRITE 
Recovery Time Between Controls 
WRITE to Port Output 

Port Input Setup Time 

Port Input Hold Time 

Strobe to Buffer Full 

Strobe Width 

READ to Buffer Empty 

Strobe to INTR On 

READ to INTR Off 

Port Setup Time to Strobe 

Port Hold Time After Strobe 

Strobe to Buffer Empty 

WRITE to Buffer Full 

WRITE to INTR Off 

TIMER-IN to TIMER-OUT Low 
TIMER-IN to TIMER-OUT High 

Data Bus Enable from READ Control 
TIMER-IN Low Time 

TIMER-IN High Time 


170 
400 


-~ 
> 
Oo 


140 
270 


> 
ic 
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> 
i 
a 


tRDF 


oy 


{CLL 12 


th 
a 


40 
70 
125 
0 
100 
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SWITCHING WAVEFORMS 


CE (ams155H) 


or 


eo 
mh, 
on 
ol 
-~ 
< 
— 
~ 
eo 
szady 
ar 
a 
-~ 
< 
— 


CE (Ams156H} 


ee 
a rr a Ce: 


tat ta 


WF007273 


CE (Am8155H) 
OR 


CE (Am8156H) 





TIMER_IN 


WF007283 


8155(H)/8156(H) Write Cycle 
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8155(H)/8156(H) 


SWITCHING WAVEFORMS (Cont'd.) 


Aa 


tess ae teus 


INPUT DATA \7; K/ 
FROM PORT A »g 


WF007290 
Strobed Input Mode 


wn i 
Wa Ly 


OUTPUT DATA 
TO PORT 


WF007301 
Strobed Output Mode 





Input Output 


Ro WR 
fpr 
INPUT OATA Bus: 


DATA BUS* x SUTEE 


WF007310 WF007320 





*Data bus timing is shown in Read/Write Cycle diagrams. 


Basic I/O Timing Waveform 
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SWITCHING WAVEFORMS (Cont'd.) 


LOAD COUNTER FROM CLR A RELOAD COUNTER FROM ea 
{ 2 1 2 | 1 


t, 
TIMER IN 
tY 
ry 


. (NOTE 1) // 
A 


to oe om on 


UT a (NOTE 1) Pe 
(SQUARE WAVE) \ ’ 


ewe ew eo weed 


‘TH 
WF007330 


Note 1: The timer output is periodic if in an automatic reload mode (M1 mode bit = 1). 


Timer Output Waveform Countdown from 5 to 1 
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82284 


82284 


Clock Driver and Ready Interface 
for iAPX 286 Processors 
PRELIMINARY 


DISTINCTIVE CHARACTERISTICS 


@ Generates system clock for iAPX 286 processors ®@ Generates system reset output from Schmitt Trigger 
@ Uses crystal or TTL signal for frequency source input 
@ Provides local READY and MULTIBUS* READY @ 18-pin package 

synchronization @ Single +5 V power supply 


GENERAL DESCRIPTION 


The 82284 is a clock generator/driver which provides clock from either asynchronous or synchronous sources. It also 
signals for iAPX 286 processors and support components. generates a synchronous reset signal from an asynchro- 
The device contains logic to supply READY to the CPU nous input with hysteresis. 


BLOCK DIAGRAM 


BD007270 


*MULTIBUS is a registered trademark of Intel Corporation. Publication # Rev. Amendment 
05917 Cc /0 
Issue Date: May 1987 





CONNECTION DIAGRAMS 
Top View 


eo 
id 
NO 
oe 
& 


14| | RESET 


CD010750 


CD010760 


Note: Pin 1 is marked for orientation. 


LOGIC SYMBOL 





ARDY 
SRDY 
SRDYEN 
EFI 

F/C 


X Xo 


RES 
56, Si 
ARDYEN 


LS003040 
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82284 


ORDERING INFORMATION 


Commodity Products 


AMD commodity products are available in several packages and operating ranges. The order number (Valid Combination) is formed 


by acombination of: a. Temperature Range 
b. Package Type 
c. Device Number 
d. Speed Option 
e. Optional Processing 


82284 ~-10 


Valid Combinations 


82284 
82284-10 


82284B 
82284-10B 


Unpackaged Die AM82284XG 





e. OPTIONAL PROCESSING 
Blank = Standard processing 
B = Burn-in 


. SPEED OPTION 
Blank = 8 MHz 
-10=10 MHz 


. DEVICE NUMBER/DESCRIPTION 
82284 
Clock Driver and Ready 
Interface for IAPX 286 Processors 


. PACKAGE TYPE 
P = 18-Pin Plastic DIP (PD 018) 
D=18-Pin Ceramic DIP (CD 018) 
N = 20-Pin Plastic Leaded Chip Carrier 


. TEMPERATURE RANGE 
Blank = Commercial (0 to + 70°C) 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations, to check on newly released valid combinations, 
and to obtain additional data on AMD's standard military 
grade products. 
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PIN DESCRIPTION 


ARDY Asynchronous Ready (Input; Active LOW) 
ARDY is an active-LOW input used to terminate the current 
bus cycle. The ARDY input is qualified by ARDYEN. Inputs 
to ARDY may be applied asynchronously to CLK. Setup and 
hold times are given to assure a guaranteed response to 
synchronous inputs. 


ARDYEN Asynchronous Ready Enable (Input; Active 
LOW) 
ARDYEN is an active-LOW input which qualifies the ARDY 
input. ARDYEN selects ARDY as the source of READY for 
the current bus cycle. Inputs to ARDYEN may be applied 
asynchronously to CLK. Setup and hold times are given to 
assure a guaranteed response to synchronous inputs. 


CLK System Clock (Output) 
CLK output is used by the processor and any support 
devices which must be synchronized with the processor. 
The frequency of the CLK output is twice the processor's 
internal clock frequency. CLK can drive both TTL and MOS 
level inputs. 


EFI External Frequency In (Input) 
The EFI input drives CLK when F/C is strapped HIGH. The 
EFI input frequency must be twice the processor's internal 
clock frequency. 


F/C  Frequency/Crystal Select (input) 
F/T is a strapping option used to select the source for the 
CLK output. When F/C is strapped LOW, the internal crystal 
drives CLK. When F/C is strapped HIGH, the EFI input 
drives the CLK output. 


GND System Ground: 0 V 
PCLK Peripheral Clock (Output) 


PCLK is an output which provides a 50% duty cycle clock 
with one half the frequency of CLK. PCLK will be in phase 
with the processor's internal clock following the first bus 
cycle after the processor has been reset. 


READY Ready (Output; Active LOW) 
READY is an active-LOW output which signals the current 
bus cycle is to be completed. The SRDY, SRDYEN, ARDY, 
ARDYEN, S1, SO and RES inputs control READY as 
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explained later in the READY generator section. READY is 
an open collector output requiring an external 910 ohm pull- 
up resistor. 


RES Reset In (Input; Active LOW) 
RES is an active-LOW input which generates the system 
reset signal RESET. Signals to RES may be applied 
asynchronously to CLK. A Schmitt Trigger input is provided 
on RES, so that an RC circuit can be used to provide a time 
delay. Setup and hold times are given to assure a 


guaranteed response to synchronous inputs. 


RESET Reset (Output; Active HIGH) 
RESET is an active-HIGH output which is derived from the 
RES input. RESET is used to force the system into an initial 
state. When RESET is active, READY will be active (LOW). 


$0, S17 Status (Input) 
These inputs prepare the 82284 for a subsequent bus cycle. 
$0 and S1 synchronize PCLK to the internal processor clock 
and control READY. These inputs have pullup resistors to 
keep them HIGH if nothing is driving them. Setup and hold 
times must be satisfied for proper operation. 


SRDY Synchronous Ready (input; Active LOW) 
SRDY is an active-LOW input used to terminate the current 
bus cycle. The SRDY input is qualified by the SRDYEN 
input. Setup and hold times must be satisfied for proper 
operation. 


SRDYEN Synchronous Ready Enable (Input; Active 
LOW) 

SRDYEN is an active-LOW input which qualifies SRDY. 
SRDYEN selects SRDY as the source for READY to the 
CPU for the current bus cycle. Setup and hold times must be 
satisfied for proper operation. 

Vcc +5-V Power Supply (Input) 

X1, Xg Crystal In (Input) 
These are the pins to which a parallel resonant fundamental 
mode crystal is attached for the internal oscillator. When 
F/C is strapped LOW, the oscillator will drive the CLK output 
at the crystal frequency. The crystal frequency must be 
twice the processor's internal clock frequency. 
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FUNCTIONAL DESCRIPTION 
Introduction 


The 82284 generates the clock, ready, and reset signals 
required for iAPX 286 processors and support components. 
The 82284 is packaged in an 18-pin DIP and contains a 
crystal-controlled oscillator, MOS clock generator, peripheral 
clock generator, MULTIBUS-ready synchronization logic and 
system reset generation logic. 


Clock Generator 


The CLK output provides the basic timing control for an iAPX 
286 system. CLK has output characteristics sufficient to drive 
MOS devices. CLK is generated by either an internal crystal 
oscillator or an external source as selected by the F/C 
strapping option. When F/C is LOW, the crystal oscillator 
drives the CLK output. When F/C is HIGH, the EFI input drives 
the CLK output. 


The 82284 provides a second clock output (PCLK) for 
peripheral devices. PCLK is CLK divided by two. PCLK has a 
duty cycle of 50% and TTL output drive characteristics. PCLK 
is normally synchronized to the internal processor clock. 


After reset, the PCLK signal may be out of phase with the 
internal processor clock. The S71 and 50 signals of the first bus 
cycle are used to synchronize PCLK to the internal processor 


clock. The phase of the PCLK output changes by extending its 
HIGH time beyond one system clock (see waveforms). PCLK 
is forced HIGH when either SO or S7 was active (LOW) for the 
two previous CLK cycles. PCLK continues to oscillate when 
both SO and St are HIGH. 


Since the phase of the internal processor clock will not 
change except during reset, the phase of PCLK will not 
change except during the first bus cycle after reset. 


Oscillator 


The oscillator circuit of the 82284 is a linear Pierce oscillator 
which requires an external parallel resonant fundamental 
mode crystal. The output of the oscillator is internally buffered. 
The crystal frequency chosen should be twice the processor's 
internal clock frequency. The crystal should have a typical 
load capacitance of 32 pF. 


X4 and Xo are the oscillator crystal connections. For stable 
operation of the oscillator, two loading capacitors are recom- 
mended, as shown in Figure 1. The sum of the board 
capacitance and loading capacitance should equal the values 
shown. It is advisable to limit stray board capacitances (not 
including the effect of the loading capacitors or crystal 
capacitance) to less than 10 pF between the X1 and Xo pins. 
Vcc and GND pins should be decoupled as close to the 82284 
as possible. 


Figure 1. Recommended Crystal and READY Connections 


SEE TABLE 1 
FOR 
CAPACITOR 
VALUES 


R iAPX 286 
CPU OR 
SUPPORT 
COMPONENT 


READY 


Voc 
DECOUPLING 


| CAPACITOR 
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TABLE 1. 82284 CRYSTAL LOADING CAPACITANCE VALUES 


Crystal Frequency 


C1 Capacitance 
(pin 7) 


C2 Capacitance 
(pin 8) 


1 to 8 MHz 60 pF 40 pF 





Note: Capacitance values must include stray board capacitance. 





Reset Operation 


The reset logic provides the RESET output to force the system 
into a known, initial state. When the RES input is active (LOW), 
the RESET output becomes active (HIGH). RES is synchro- 
nized internally at the falling edge of CLK before generating 
the RESET output (see waveforms). Synchronization of the 
RES input introduces a one or two CLK delay before affecting 
the RESET output. 


At power up, a system does not have a stable Voc and CLK. 
To prevent spurious activity, RES should be asserted until Voc 
and CLK stabilize at their operating values. iAPX 286 proces- 
sors and support components also require their RESET inputs 
be HIGH a minimum of 16 CLK cycles. An RC network, as 
shown in Figure 2, will keep RES LOW long enough to satisfy 
both needs. 


A Schmitt Trigger input with hysteresis on RES assures a 
single transition of RESET with an RC circuit on RES. The 
hysteresis separates the input voltage level at which the circuit 
output switches from HIGH to LOW from the input voltage 
level at which the circuit output switches from LOW to HIGH. 
The RES HIGH to LOW input transition voltage is lower than 
the RES LOW to HIGH input transition voltage. As long as the 
slope of the RES input voltage remains in the same direction 
(increasing or decreasing) around the RES input transition 
voltage, the RESET output will make a single transition. 


Ready Operation 


The 82284 accepts two ready sources for the system ready 
signal which terminates the current bus cycle. Either a 
synchronous (SRDY) or asynchronous ready (ARDY) source 
may be used. Each ready input has an enable (SRDYEN and 
ARDYEN) for selecting the type of ready source required to 


terminate the current bus cycle. An address decoder would 
normally select one of the enable inputs. 


READY is enabled (LOW) if either SRDY + SRDYEN = 0 or 
ARDY + ARDYEN =0 when sampled by the 82284 READY 
generation logic. READY will remain active for at least two 
CLK cycles, except when RESET overrides it. 


The READY output has an open-collector driver allowing other 
ready circuits to be wire OR'ed with it, as shown in Figure 1. 
The READY signal of an iAPX 286 system requires an external 
910 ohm + 5% pull-up resistor. To force the READY signal 
inactive (HIGH) at the start of a bus cycle, the READY output 
floats when either ST or SO are sampled LOW at the falling 
edge of CLK. Two system clock periods are allowed for the 
pull-up resistor to pull the READY signal to Viy. When RESET 
is active, READY is forced active one CLK later (see wave- 
forms). 


Figure 3 illustrates the operation of SRDY and SRDYEN. 
These inputs are sampled on the falling edge of CLK when St 
and SO are inactive and PCLK is HIGH. READY is forced 
active when both SRDY and SRDYEN are sampled as LOW. 


Figure 4 shows the operation of ARDY and ARDYEN. These 
inputs are sampled by an internal synchronizer at each falling 
edge of CLK. The output of the synchronizer is then sampled 
when PCLK is HIGH. If the synchronizer resolved both the 
ARDY and ARDYEN inputs to have been LOW, READY, 
becomes LOW. When both ARDY and ARDYEN have been 
resolved as active, the SRDY and SRDYEN inputs are 
ignored. Either ARDY or ARDYEN must be HIGH at the end of 
Ts (see Figure 4). 


READY remains active until either ST or SO are sampled LOW, 
or the ready inputs are sampled as inactive. 


TC004250 


Figure 2. Typical RC RES Timing Circuit 
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Figure 3. Synchronous Ready Operation 
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Figure 4. Asynchronous Ready Operation 
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ABSOLUTE MAXIMUM RATINGS . OPERATING RANGES 


Storage Temperature Commercial (C) Devices 
Temperature Under Bias Temperature (Ta) 0 to +70°C 
Alt Output and Supply Voltages Supply Voltage (Vcc) +4.5 to +5.5 V 


All Input Voltages 
Power Dissipation Operating ranges define those limits between which the 


Stresses above those listed under ABSOLUTE MAXIMUM ——‘‘WUnetionality of the device is guaranteed. 
RATINGS may cause permanent device failure. Functionality 

at or above these limits is not implied. Exposure to absolute 

maximum ratings for extended periods may affect device 

reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 
Parameter Parameter 


Input HIGH Voltage 


Tico | Power suppiy Curent SSOSYSSC*d ts om 


CAPACITANCE (Ta = +25°C, Voc = GND=0 V, Vin =+5 V or GND) 


Parameter Parameter 


Notes: 1. This specification is provided for reference only. 





See Section 6 for Thermal Characteristics Information. 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 


Description Test Conditions | tin. | Max. | Min. | Max. | 
PEFHoCIK Dey SCT ARS Vt) | Sd] Sd =) 

EFI LOW Timo PAIS VNotesta7m | 2 | | = | ‘| 
GLK Period feet eeee es seal 

2.6 10,10 Vi (Note 1) 
feNote ty Tt? ts Ts 
ARDY or ARDYEN Sétup Time | (Notesi&3) | oT ts 
| ARDY or ARDYEN Hold Time | (Noto &9) | 90ST | Ts 
| 15 | RES Setup Time (Notes 1&3) Cf 2 TT Ts 
| 16 | RES Hold Timo | Notes 1&3) | tT to] ts 
7 | READY Inactive Delay | At V Noto 4) fT. OT Ts 

| READY Active Delay | AL OB V (Note 4) =~ | | 0 
| (Note 5) 





PPK Dey ——SSCSC~—SCS~—~S Note) C*d 
= 20 
t= 20 


Notes: 1. CLK loading: Cy = 150 pF. 

2. With the internal oscillator crystal using recommmended crystal and capacitive loading, or with the EFI input meeting specifications to 
and tg, use a parallel-resonant, fundamental mode crystal. The recommended crystal loading for CLK frequencies of 8-16 MHz are 25 
pF from pin X41 to ground, and 15 pF from pin Xa to ground. These recommended values are +5 pF and include all stray capacitance. 
Decouple Vcc and GND as close to the 82284 as possible. 

3. This is an asynchronous input. This specification is given for testing purposes only, to assure recognition at specific CLK edge. 

4, READY loading: lo. = 7 mA, C_ = 150 pF. In system application, use 910 ohm +5% pull-up resistor to meet 80286 timing requirements. 
For systems which operate faster than 10 MHz, care should be taken to minimize capacitive loading on READY. The user must ensure 
the RC time constant allows the pin to be pulled HIGH in two clock cycles. 

5. PCLK and RESET loading: C_ = 75 pF. PCLK also has 750 ohm pull-up resistor. 

6. tq refers to any allowable CLK period. 

7. When driving the 82284 with EFI, provide minimum EF! HIGH and LOW times as follows: 


CLK Output Frequency 16-MHz CLK 


Min. Required EFI HIGH Time | 80 ns | 
Min. Required EFI LOW Time |  25ns | 


*At CLK frequencies above 16 MHz, CLK output HIGH and LOW 
times are guaranteed only when using a crystal with recommended 
capacitive loading per Table 1, not when driving component from 
EFI. All features of the 82284 remain functional whether EFI or a 
crystal is used to drive the 82284. 





8. When using a crystal (with recommended loading capacitance per Table 1) appropriate for the speed of the 80286, CLK output HIGH 
and LOW times are guaranteed to meet 80286 requirements. 





SWITCHING TEST CIRCUITS 


DEVICE 
UNDER 


TEST 
75 pF 


TC004260 


A. PCLK Output 


DEVICE 
UNDER 
TEST 


150 pF 


70004280 
C. CLK Outputs 
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DEVICE 
UNDER. 


TEST 
150 pF 


70004270 
B. READY Output 


DEVICE 
UNDER 


TEST 
75 pF 


TC004290 
D. RESET Output 
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SWITCHING TEST WAVEFORMS 


2.4V 
oasy VY 1.5V 


WF024530 


A. EFi Drive and Measurement Points 


0.8V 
WF024540 


B. RES Drive and Measurement Points 


3.6 V 3.6 V 
1.0V 1.0V 


WF024550 


C. CLK Output Measurement Points 


82284 
CLK 
OUTPUT 


DEVICE VVVV VT 20¥ 20V 1/VVVV/VY\VV/ 
enmet XXL oy | cov XA 


EFI & RES) 


VV VVVVVVVVVVVV 
XX AAA 
WF024560 


D. AC Setup, Hold and Delay Time Measurement - General 
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SWITCHING WAVEFORMS 


CLK 
WF024570 


Note: The EFI input LOW and HIGH times as shown are required to guarantee the CLK LOW and HIGH 
times shown. 


CLK as a Function of EFI 


CLK 


NOTE 1 


@ ae 
mn 2 Ca, 

C13) 
SAIN 


G7) 


NOTE 2 


WF024580 
Notes: 1. This is an asynchronous input. The setup and hold times shown are required to guarantee the 
response shown. 
2. Tie 910 ohm +5% pull-up resistor to the READY output. This LOW-to-HIGH transition depends on 
the state of ARDY, ARDYEN, SRDY, and SRDYEN. 


RESET and READY Timing as a Function of RES with S1 and SO HIGH 


oe 


=a = A So 
<i —— ATI cS" oom 


NOTE 2 
—— 
WF024590 
Notes: 1. This is an asynchronous input. The setup and hold times shown are required to quarantee the 
response shown. 
2. Tie 910 ohm +5% pull-up resistor to the READY output. 


READY and PCLK Timing with RES HIGH 
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82C288 


Bus Controller 


for iAPX 286 


Processors 


DISTINCTIVE CHARACTERISTICS 


Provides commands and control for local and sys- 
tem bus 

Offers wide flexibility in system configurations 
Flexible command timing 

Optional Multibus* compatible timing 


© Control! drivers with 16 mA Io. and three-state 
command drivers with 32 mA IoL 

@ Single +5 V supply 

@ Low power CMOS operation: 
—Iccop = 24 mA Maximum 


GENERAL DESCRIPTION 


The 82C288 Bus Controller is a 20-pin CMOS component 
for use in iAPX 286 microsystems. The bus controller 
provides command and control outputs with flexible timing 
options. Separate command outputs are used for memory 


and I/O devices. The data bus is controlled with separate 
data enable and direction contro! signals. 


Two modes of operation are possible via a strapping option: 
Multibus-compatible bus cycles and high-speed bus cycles. 


BLOCK DIAGRAM 


|| status 


r] DECODER 1 


CLK 
CONTROL 


INPUT 


*Multibus is a registered trademark of intel Corporation. 


THREE-STATE 
COMMAND 
OUTPUTS 


STATE 


MACHINE 
CONTROL | CONTROL 
OUTPUT 


CONTROL 
OUTPUT 


DTA 


LOGIC 


BD004001 


Publication # Rev. Amendment 
06100 c /0 
Issue Date: April 1987 





CONNECTION DIAGRAM LOGIC SYMBOL 
Top View 
DIPs 
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LS002690 


GND = System Ground: 0 V 
Voc = Supply Power: +5 V 


CD005623 


Note: Pin 1 is marked for orientation. 
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ORDERING INFORMATION 


Commodity Products 


AMD commodity products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: A. Temperature Range 

B. Package Type 

C. Device Number 

D. Speed Option 


82C288 -1 


D. SPEED OPTION 
-8= 8 MHz 
-10 = 10 MHz 


C. DEVICE NUMBER/DESCRIPTION 
82C288 
CMOS Bus Controller for iAPX 286 Processors 


B. PACKAGE TYPE 
P = 20-Pin Plastic DIP (PD 020) 
D = 20-Pin Ceramic DIP (CD 020) 


A. TEMPERATURE RANGE 
Blank = Commercial (0 to + 70°C) 


Valid Combinations 


Valid Combinations list configurations planned to be 
zelld Combinations supported in volume for this device. Consult the local AMD 





pp | eS sales office to confirm availability of specific valid 

combinations, to check on newly released valid combinations, 
and to obtain additional data on AMD's standard military 
grade products. 
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PIN DESCRIPTION 


READY Ready (Input, Active LOW) 
READY is an active-LOW input that indicates the end of the 
current bus cycle. The 82284 drives READY LOW during 
RESET to force the 82C288 into the Idle state. Multibus 
mode requires at least one wait state to allow the command 
outputs to become active. Setup and hold times must be 
met for proper operation. 


CLK System Clock (Input) 
CLK provides the basic timing control for the 82C288. Its 
frequency is twice the processor's internal clock frequency. 
The falling edge of this input signal establishes when inputs 
are sampled and command and contro! outputs change. 


ST, SO Bus Cycle Status (Input, Active LOW) 

S0 and S17 are active-LOW inputs that start a bus cycle and, 
along with M/10, define the type of bus cycle. (See Table 1 
for iAPX 286 bus cycle status definitions.) A bus cycle is 
started when either S1 or SO is sampled LOW at the falling 
edge of CLK. These inputs have internal pull-up resistors to 
hold them HIGH when not being driven. Setup and hold 
times must be met for proper operation. 


MCE Master Cascade Enable (Output, Active HIGH) 
MCE signals that a cascade address from a master 8259A 
Interrupt Controller may be placed onto the CPU address 
bus for latching by the address latches under ALE control. 
The CPU's address bus may then be used to broadcast the 
cascade address to slave interrupt controllers so only one 
of them will respond to the interrupt acknowledge cycle. 
This control output is active HIGH. MCE is only active during 
interrupt acknowledge cycles and is not affected by any 
control input. Using MCE to enable cascade address drivers 
requires latches which save the cascade address on the 
falling edge of ALE. 


ALE Address Latch Enable (Output, Active HIGH) 
ALE is an active-HIGH output that controls the address 
latches used to hold an address stable during a bus cycle. 
ALE is not issued for the halt bus cycle and is not affected 
by any control inputs. 


MB Multibus Mode Select (Input, Active HiGH) 

MB determines the timing of the command and control 
outputs. When HIGH, the bus controller operates with 
Multibus-compatible timings. When LOW, the bus controller 
optimizes the command and contro! output timing for short 
bus cycles. The function of the CEN/AEN input pin is 
selected by this pin. MB is intended to be a strapping option 
and not dynamically changed; it may be connected to Vcc 
or GND. . 


CMDLY Command Delay (Input, Active HIGH) 

CMDLY is an active-HIGH input that allows the delaying of a 
command start. If sampled HIGH, the command output is 
not activated and CMDLY is again sampled at the next CLK 
cycle. When sampled LOW, the selected command is 
enabled. If READY is detected LOW before the command 
output is activated, the 82C288 will terminate the bus cycle, 
even if no command was issued. Setup and hold times must 
be satisfied for proper operation. This input may be 
connected to GND if no delays are required before starting a 
command. This input has no effect on control outputs. 


MRDC Memory Read Command (Output, Active 
LOW) 
MRDC is an active-LOW control output that instructs the 
memory device to place data onto the data bus. The MB 
and CMDLY inputs control when this output becomes 
active. READY controls when it becomes inactive. 
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MWTC Memory Write Command (Output, Active 
LOW) 
MWTC is an active LOW-command output that instructs a 
memory device to read the data on the data bus. The MB 
and CMDLY inputs control when this output becomes 
active. READY controls when it becomes inactive. 


GND System Ground 
System Ground: 0 V. 


TOWC 1/0 Write Command (Output, Active LOW) 
JOWC is an active-LOW command output that instructs an I/ 
O device to read the data on the data bus. The MB and 
CMDLY inputs control when this output becomes active. 
READY controls when it becomes inactive. 


1ORC 1/0 Read Command (Output, Active LOW) 
IORC is an active-LOW command output that instructs an 
1/O device to place data onto the data bus. The MB and 
CMDLY inputs control when this output becomes active. 
READY controls when it becomes inactive. 


INTA Interrupt Acknowledge (Output, Active LOW) 
INTA is an active-LOW contro! output that tells an 
interrupting device that its interrupt request is being 
acknowledged. The MB and CMDLY inputs control when 
this output becomes active. READY controls when it 
becomes inactive. 


CENL Common Enable Latched (Input, Active HIGH) 
CENL is a select signal which enables the bus controller to 
respond to the current bus cycle being initiated. CENL is an 
active-HIGH input latched internally at the end of each ts 
cycle. CENL is used to select the appropriate bus controller 
for each bus cycle in a system where the CPU has more 
than one bus it can use. This input may be connected to 
Voc to select this 82C288 for all transfers. No control inputs 
affect CENL. Setup and hold times must be met for proper 
operation. 


CEN/AEN Common Enable/Address Enable (Input, 
Active HIGH/Active LOW) 
CEN/AEN controls the command and DEN outputs of the 
bus controller. This input may be asynchronous to CLK. 
Setup and hold times are given to assure a guaranteed 
response to synchronous inputs. This input may be 
connected to Vcc or GND. 


When MB is HIGH, this pin has the AEN function. AEN is an 
active-LOW input which indicates that the CPU has been 
granted use of a shared bus and the bus controller 
command outputs may exit three-state OFF and become 
inactive (HIGH). AEN HIGH indicates that the CPU does not 
have control of the shared bus and forces the command 
outputs into three-state OFF and DEN inactive (LOW). AEN 
would normally be controlled by an 82289 bus arbiter which 
activates AEN when that arbiter owns the bus to which the 
bus controller is attached. 


When MB is LOW, this pin has the CEN function. CEN is an 
unlatched active-HIGH input which allows the bus controller 
to activate its command and DEN outputs. With MB LOW, 
CEN LOW forces the command and DEN outputs inactive 
but does not tristate them. 


DEN Data Enable (Output, Active HIGH) 
DEN determines when data transceivers connected to the 
local data bus should be enabled. DEN is an active-HIGH 
control. DEN is delayed for write cycles in the Multibus 
mode. 
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DT/R_ Data Transmit/Receive (Output, Active HIGH/ 
Active LOW) 
DT/R establishes the direction of data flow to or from the 
local data bus. When HIGH, this contro! output indicates 
that a write bus cycle is being performed. A LOW indicates a 
read bus cycle. DEN is always inactive when DT/R changes 
states. This output is HIGH when no bus cycle is active. DT/ 


R is not affected by any of the control inputs. 


TABLE 1. IAPX 286 BUS CYCLE STATUS 
DEFINITIONS 


| wio | Si | SO | Type of Bus Cycle 


Interrupt acknowledge 
I/O Read 
1/0 Write 


None; idle 

Halt or shutdown 
Memory read 
Memory write 
None; idle 


—= 4 O0+=00 
-=O-"0O-"0+"0 





FUNCTIONAL DESCRIPTION 
Introduction 


The 82C288 Bus Controller is used in iAPX 286 systems to 
provide address latch control, data transceiver control, and 
standard level-type command outputs. The command outputs 
are timed and have sufficient drive capabilities for large TTL 
buses and meet all IEEE-796 requirements for Multibus. A 
special Multibus mode is provided to satisfy all address/data 
setup and hold time requirements. Command timing may be 
tailored to special needs via a CMDLY input to determine the 
start of a command, and READY to determine the end of a 
command. 


82284 
(FOR REFERENCE) 


M/IO Memory or 1/0 Select (Input, Active HIGH/ 
Active LOW) 
M/iO determines whether the current bus cycle is in the 
memory space or 1/O space. When LOW, the current bus 
cycle is in the 1/O space. Setup and hold times must be met 
for proper operation. 


Vcc Supply Power 
Supply Power: +5 V. 


Connection to multiple buses are supported with a latched 
enable input (CENL). An address decoder can determine 
which, if any, bus controller should be enabled for the bus 
cycle. This input is latched to allow an address decoder to take 
full advantage of the pipelined timing on the iAPX 286 local 
bus. 


Buses shared by several bus controllers are supported. An 
AEN input prevents the bus controller from driving the shared 
bus command and data signals except when enabled by an 
external bus arbiter such as the 82289. 


Separate DEN and DT/R outputs control the data transceivers 
for all buses. Bus contention is eliminated by disabling DEN 
before changing DT/R. The DEN timing allows sufficient time 
for tristate bus drivers to enter three-state OFF before 
enabling other drivers onto the same bus. 


The term CPU refers to any iAPX 286 processor or support 
component which may become an iAPX 286 local bus master 
and thereby drive the 82C288 status inputs. 


Processor Cycle Definition 


Any CPU which drives the local bus uses an internal clock 
which is one-half the frequency of the system clock (CLK) (see 
Figure 1). Knowledge of the phase of the local bus master 
internal clock is required for proper operation of the iAPX 286 
local bus. The local bus master informs the bus controller of its 
internal clock phase when it asserts the status signals. Status 
signals are always asserted beginning in Phase 1 of the local 
bus master's internal clock. 


ONE PROCESSOR CLOCK CYCLE 


ONE BUS T-STATE 


PHASE 1 
F PROCESS! 
CLOCK CYCLE 


PHASE 2 
OR OF PROCESSOR 
CLOCK CYCLE 


WF007991 


Figure 1. CLK Relationship to the Processor Clock and Bus T-States 


Bus State Definition 


The 82C288 bus controller has three bus states (see Figure 2): 
Idle (T)), Status (Ts), and Command (Tc). Each bus state is 
two CLK cycles long. Bus state phases correspond to the 
internal CPU processor clock phases. 
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The T; bus state occurs when no bus cycle is currently active 
on the iAPX 286 local bus. This state may be repeated 
indefinitely. When control of the local bus is being passed 
between masters, the bus remains in the T; state. 





Bus Cycle Definition 


The S17 and 50 inputs signal the start of a bus cycle. When 
either input becomes LOW, a bus cycle is started. The Ts bus 
state is defined to be the two CLK cycles during which either 
ST or SO are active (see Figure 3). These inputs are sampled 
by the 82C288 at every falling edge of CLK. When either ST or 
SO are sampled LOW, the next CLK cycle is considered the 
second phase of the internal CPU clock cycle. 


NEW CYCLE 
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The local bus enters the Tc bus state after the Ts state. The 
shortest bus cycle may have one Ts state and one Tc state. 
Longer bus cycles are formed by repeating Tc states. A 
repeated Tc bus state is called a wait state. 


The READY input determines whether the current Tc bus 
state is to be repeated. The READY input has the same timing 
and effect for all bus cycles. READY is sampled at the end of 
each Tc bus state to see if it is active. If sampled HIGH, the Tc 
bus state is repeated. This is called inserting a wait state. The 
contro! and command outputs do not change during wait 
states. 


AF003250 When READY is sampled LOW, the current bus cycle is 
terminated. Note that the bus controller may enter the Ts bus 
state directly from Tc if the status lines are sampled active at 
the next falling edge of CLK. 


e 
NEW CYCLE 


Figure 2. 82C288 Bus States 
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Figure 3. Bus Cycle Definition 


TABLE 2. COMMAND AND CONTROL OUTPUTS FOR EACH TYPE OF BUS CYCLE 


ana [wel [= [aes ee 

Bus Cycle Activated State Issued? eee 

7 irterupt Acknowledge | 0 | 0 | 0 | WTA | tow | ves 

ee eae eee eee 

vows «dT | + | 0 [we [wow | ves | no | 

[None ——SSSCSC~dSC Tt | tt (Nome gH [no | no | 
Leas 
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Operating Modes 


Two types of buses are supported by the 82C288-Multibus 
and non-Multibus. When the MB input is strapped HIGH, 
Multibus timing is used. In Multibus mode, the 820288 delays 
command and data activation to meet IEEE-796 requirements 
on address to command active and write data to command 
active setup timing. Multibus mode requires at least one wait 
state in the bus cycle since the command outputs are delayed. 
The non-Multibus mode does not delay any outputs and does 
not require wait states. The MB input affects the timing of the 
command and DEN outputs. 


Command and Control Outputs 


The type of bus cycle performed by the local bus master is 
encoded in the M/TO, $1, and SO inputs. Different command 
and control outputs are activated depending on the type of 
bus cycle. Table 2 indicates the cycle decode done by the 
82C288 and the effect on command, DT/R, ALE, DEN, and 
MCE outputs. 


Bus cycles come in three forms: read, write, and halt. Read 
bus cycles include memory read, 1/O read, and interrupt 
acknowledge. The timing of the associated read command 
outputs (MRDC, IORC and INTA), contro! outputs (ALE, DEN, 
DT/R) and control inputs (CEN/AEN, CENL, CMDLY, MB, and 
READY) are identical for all read bus cycles. Read cycles 
differ only in which command output is activated. The MCE 
control output is only asserted during interrupt acknowledge 
cycles. 





Write bus cycles activate different control! and command 
outputs with different timing than read bus cycles. Memory 
write and I/O write are write bus cycles whose timing for 
command outputs (MWTC and IOWC), control outputs (ALE, 
DEN, DT/R) and control inputs (CEN/AEN, CENL, CMDLY, 
MB, and READY) are identical. They differ only in which 
command output is activated. 





Halt bus cycles are different because no command or control 
output is activated. All control inputs are ignored until the next 
bus cycle is started via ST and SO. 


Figure 5. Idle-Write-Idle Bus Cycles with MB =0 


Figures 4-8 show the basic command and control output 
timing for read and write bus cycles. Halt bus cycles are not 
shown since they activate no outputs. The basic idle-read-idle 
and idle-write-idle bus cycles are shown. The signal label CMD 
represents the appropriate command output for the bus cycle. 
For Figures 4-8, the CMDLY input is connected to GND and 
CENL to Vcc. The effects of CENL and CMDLY are described 
later in the section on control inputs. 


Figures 4, 5 and 6 show non-Multibus cycles. MB is connected 
to GND while CEN is connected to Vcc. Figure 4 shows a read 
cycle with no wait states while Figure 5 shows a write cycle 
with one wait state. The READY input is shown to illustrate 
how wait states are added. 
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Figure 4. Idle-Read-Idie Bus Cycles with 
MB=0 
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Bus cycles can occur back-to-back with no T, bus states 
between Tc and Ts. Back-to-back cycles do not affect the 
timing of the command and control outputs. Command and 
control outputs always reach the states shown for the same Tc 
clock edge (within Ts, Tc, or following bus state) of a bus 

cycle. 


1ST WRITE CYCLE 2ND WRITE CYCLE 
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A special case in control timing occurs for back-to-back write 
cycles with MB = 0. In this case, DT/R and DEN remain HIGH 
between the bus cycles (see Figure 6). The command and 
ALE output timing does not change. 


Figures 7 and 8 show a Multibus cycle with MB = 1. AEN and 
CMDLY are connected to GND. The effects of CMDLY and 
AEN are described later in the section on control inputs. 
Figure 7 shows a read cycle with one wait state and Figure 8 
shows a write cycle with two wait states. The second wait 
state of the write cycle is shown only for example purposes 
and is not required. The READY input is shown to illustrate 
how wait states are added. 
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Figure 6. Write-Write Bus Cycles with MB =0 
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Figure 7. Idle-Read-Idle Bus Cycles with MB= 1 
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Figure 8. Idle-Write-Idle Bus Cycles with MB = 1 


The MB control input affects the timing of the command and 
DEN outputs. These outputs are automatically delayed in 
Multibus mode to satisfy three requirements: 


1)50 ns minimum setup time for valid address before any 
command output becomes active. 


2) 50 ns minimum setup time for valid write data before any 
write command output becomes active. 


3)65 ns maximum time from when any read command 
becomes inactive until the slave's read data drivers reach 
three-state OFF. 


Three signal transitions are delayed by MB = 1 as compared 
to MB =0: 


1) The HIGH-to-LOW transition of the read command outputs 
(IORC, MRDC, and INTA) are delayed one CLK cycle. 


2) The HIGH-to-LOW transition of the write command outputs 
(IOWC and MWTC) are delayed two CLK cycles. 


3) The LOW-to-HIGH transition of DEN for write cycles is 
delayed one CLK cycle. 


Back-to-back bus cycles with MB = 1 do not change the timing 
of any of the command or contro! outputs. DEN always 
becomes inactive between bus cycles with MB= 1. 


Except for a halt or shutdown bus cycle, ALE will be issued 
during the second half of Ts for any bus cycle. ALE becomes 
inactive at the end of the Ts to allow latching the address to 
keep it stable during the entire bus cycle. The address outputs 
may change during Phase 2 of any Tc bus state. ALE is not 
affected by any control input. 


Figure 9 shows how MCE is timed during interrupt acknowl- 
edge (INTA) bus cycles. MCE is one CLK cycle longer than 
ALE to hold the cascade address from a master 8259A valid 
after the falling edge of ALE. With the exception of the MCE 
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contro! output, an INTA bus cycle is identical in timing to a 
read bus cycle. MCE is not affected by any control input. 


T, | Ts | Te 
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Figure 9. MCE Operation for an INTA Bus 
Cycle 


Control Inputs 


The control inputs can alter the basic timing of command 
outputs, allow interfacing to multiple buses, and share a bus 
between different masters. For many iAPX 286 systems, each 
CPU will have more than one bus which may be used to 
perform a bus cycle. Normally, a CPU will only have one bus 
controller active for each bus cycle. Some buses may be 
shared by more than one CPU (i.e. Multibus) requiring only one 
of them use the bus at a time. 


Systems with multiple and shared buses use two control input 
signals of the 82C288 Bus Controller, CENL and AEN (see 
Figure 10). CENL enables the bus controller to control the 
current bus cycle. The AEN input prevents a bus controller 
from driving its command outputs. AEN HIGH means that 
another bus controller may be driving the shared bus. 


In Figure 10, two buses are shown: a local bus and a Multibus. 
Only one bus is used for each CPU bus cycle. The CENL 





inputs of the bus controllers select which bus controller is to 
perform the bus cycle. An address decoder determines which 
bus to use for each bus cycle. The 82C288 connected to the 
shared Multibus must be selected by CENL and be given 
access to the Multibus by AEN before it will begin a Multibus 
operation. 


CENL must be sampled HIGH at the end of the Ts bus state 
(see Switching Waveforms) to enable the bus controller to 
activate its command and control outputs. If sampled LOW, 
the commands and DEN will not go active and DT/R will 
remain HIGH. The bus controller will ignore the CMDLY, CEN, 
and READY inputs until another bus cycle is started via St and 
SO. Since an address decoder is commonly used to identify 
which bus is required for each bus cycle, CENL is latched to 
avoid the need for latching its input. 


The CENL input can affect the DEN control output. When 
MB = 0, DEN normally becomes active during Phase 2 of Ts in 
write bus cycles. This transition occurs before CENL is 
sampled. If CENL is sampled LOW, the DEN output will be 
forced LOW during Tc as shown in the timing waveforms. 


When MB = 1, CEN/AEN becomes AEN. AEN controls when 
the bus controller command outputs enter and exit three-state 
OFF. AEN is intended to be driven by a bus arbiter, like the 
82289, which assures only one bus controller is driving the 
shared bus at any time. When AEN makes a LOW-to-HIGH 
transition, the command outputs immediately enter three-state 
OFF and DEN is forced inactive. An inactive DEN should force 


the local data transceivers connected to the shared data bus ° 
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into three-state OFF (see Figure 10). The LOW-to-HIGH 
transition of AEN should only occur during T; or Ts bus states. 


The HIGH-to-LOW transition of AEN signals that the bus 
controller may now drive the shared bus command signals. 
Since a bus cycle may be active or be in the process of 
starting, AEN can become active during any T-state. AEN 
LOW immediately allows DEN to go to the appropriate state. 
Three CLK edges later, the command outputs will go active 
(see Switching Waveforms). The Multibus requires this delay 
for the address and data to be valid on the bus before the 
commands become active. 


When MB = 0, CEN/AEN becomes CEN. CEN is an asynchro- 
nous input which immediately affects the command and DEN 
outputs. When CEN makes a HIGH-to-LOW transition, the 
commands and DEN are immediately forced inactive. When 
CEN makes a LOW-to-HIGH transition, the commands and 
DEN outputs immediately go to the appropriate state (see 
Switching Waveforms). READY must still become active to 
terminate a bus cycle if CEN remains LOW for a selected bus 
controller (CENL was latched HIGH). 


Some memory or I/O systems may require more address or 
write data set-up time to command active than provided by the 
basic command output timing. To provide flexible command 
timing, the CMDLY input can delay the activation of command 
outputs. The CMDLY input must be sampled LOW to activate 
the command outputs. CMDLY does not affect the control 
outputs ALE, MCE, DEN, and DT/R. 
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Figure 10. System Use 


CMDLY is first sampled on the falling edge of the CLK ending 
Ts. If sampled HIGH, the command output is not activated, 
and CMDLY is again sampled on the next falling edge of CLK. 
Once sampled LOW, the proper command output becomes 
active immediately if MB = 0. If MB = 1, the proper command 
goes active no earlier than shown in Figures 7 and 8. 


READY can terminate a bus cycle before CMDLY allows a 
command to be issued. In this case no commands are issued 
and the bus controller will deactivate DEN and DT/R in the 
same manner as if a command had been issued. 
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of AEN and CENL 


Waveforms Discussion 


The waveforms show the timing relationships of inputs and 
outputs and do not show all possible transitions of all signals 
in all modes. Instead, all signal timing relationships are shown 
via the general cases. Special cases are shown when needed. 
The waveforms provide some functional descriptions of the 
82C288; however, most functional descriptions are provided in 
Figures 3 through 9. 


To find the timing specification for a signal transition in a 
particular mode, first look for a special case in the waveforms. 
If no special case applies, then use a timing specification for 
the same or related function in another mode. 





ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature ..........ccccccesccesseeees -65 to +150°C Commercial (C) Devices 

Voltage on Any Pin Ambient Temperature (TA) ........0csessereeeeee 0 to +70°C 
with Respect to GND ..............cceceee . ‘ Supply Voltage (VCC) .....:cseseeneeeeees +4.75 to +5.25 V 

Power Dissipation ...........ssescsceecestecreceesereseeeses 


Operating ranges define those limits between which the 


Stresses above those listed under ABSOLUTE MAXIMUM functionality of the device is guaranteed. 


RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating ranges unless otherwise specified 


Parameter Parameter 

Symbol Description praiuesiicin mans | max | ve | 
[Vin ___|_nput LOW Voltage aaa TEE NOE SE 
[Vin | Input HIGH Vottags pa eons Pv 


CLK Input LOW Voltage eo ee 
CLK Input HIGH Voltage ee eee 


Output LOW Voltage lo) =3 N 1 45 
VoL Command Outputs ince a dies (Note 2 ‘45 
Control Outputs L 
Output HIGH Voltage lo =-5 mA (Note 1) 24 
Command Outputs loH =-1 mA (Note 2) 2.4 v 
Control Outputs 
aaa 


— Input Current (60, St and M/IO Inputs) Vi=.45 V | -05 | 
Input Leakage Current (All Other Inputs) OV SVin SVoc ee Se ee ee 


Output Leakage Current a5 V<Vour<Voo_ | +t #10 | A _| 
ecoP Supply Current Op ne 40 Mee ae 


CAPACITANCE (Ta = 25°C, Vocg = GND =0 V, Vin=+5 V or GND) 


CLK Input Capacitance 
Input Capacitance 
Output Capacitance 


Notes: 1. Command Outputs are INTA, ORC, IOWC, MRDC, MWRC. 
2. Control Outputs are DT/R, DEN, ALE and MCE. 


SWITCHING TEST CIRCUIT KEY TO SWITCHING WAVEFORMS 


WAVEFORM INPUTS OUTPUTS 
DEVICE 


OUTPUT MUST BE WILL BE 
STEADY STEADY 


FROML TOH FROML TOH 


Ch 
MAY CHANGE = WILL BE 
FROMHTOL CHANGING | 
MAY CHANGE WILL BE 
TIS 
ea 


TC003870 DON’T CARE; CHANGING; 
ANY CHANGE = STATE 
PERMITTED UNKNOWN 


CENTER 
DOES NOT LINE IS HIGH 
APPLY IMPEDANCE 

“OFF” STATE 


KS000010 


See Section 6 for Thermal Characteristics Information. 
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82C288 


SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified 
Switching timings are referenced to 0.8 V and 2.0 V points of signals 
as illustrated in data sheet waveforms, unless otherwise noted. 


82C288-8 (8 MHz) | 82C288-10 (10 MHz) 
Parameter Test 
Description Conditions sae 


1 [arena SSCSCSCSSSC~—~CS ws | ts] ii 

eS nee ee ee 
[a [eux tow time ——SSC—CS~—S Std | tt ee 
OE 
Ps [ck raitim ———S~—~—“—SC‘ PCP dSC*dC de 
[8 | Wi and Status Sup time if SCSC~—<CSCS~dT S| Cd Cdr 
[7 | wi and Status Hold Time Sid SSSCSCSC~d St dt | 
pe [EN Setup time SS CSCSC~sS Cd 
[2 [cent Hod Time SSC CS rs 
[10 | READY Soup Time ——SSSCSCSC—~ SSCS | 
[11 | READY Hold Timo ——SSSCSCSC~dSSCSCSCSCSSY ts | Od Cd 
[12 | GMoty soup Time SSS Cid dT tir 
ON A 
[14 [AEN Setup Time ——SSCS~CSCSCSCNt CYC] Cd 
[15 AEN Hod Time —SSCSC~CSsSSSC te) SCC Cd 
[16 | ALE, MOE Active Delay fom GLK | Wot | 9 | | 9 | 6 | me | 
[17 [ALE, MCE inactive Delay from GLK | Woe) | —+i| | =i Sr 
[18 [DEN (Wt) inactive from CENL [| _Wote | | 98 |_| 2 | ms _| 
[19 [DT LOW om ctK Cite) |S CC 
[20 [DEN (Read) Actve fom DVR | ote) | 8 |_| 8 [| 1 | rs 
[21 [DEN (Read) active Delay fom CLK | ote | 9 | 95 | a | a | mm 
[22 | DT/ HIGH tom DEN inactive | ‘Wote) | 8 | 8 | 58 | 0 | ms | 
[23 [DEN (Wrte) Activa Delay fom GLK | Woe) | -+i| 0 | +i 3 ins 
[24 | BEN (Write) Inactive Delay fom CLR | ote) | 9 | 9 | 8 | 19 | ms | 
a SG RS 
[25 [DEN Aetve fom GEN if} ote iP iC 

a [ain [eee = 
[23 [EN Active fom AEN ——SSSC~SCCSC~Ci CPSC 

ee ee Cea eee ec 
[a0 | CMD inactive Delay trom CLK _——~i|_—wotes) «| 8 ds «| dP 
[a1 | GMB inactive tom CEN _———*d| ~~ Notes) [SSC em TSSSSC*dYC | 
[a2 | CMD Active trom GEN __———SS~d SSC Note 6) PS i 
[23 | CMD Inactive Enable fom AEN | Woes) | +i 0 | —+i| 0 | ms 
[ot [WD Feet Delay fom AEN ——d| SC) || | CT 
Oe A 
p36 | MBHod Time TC ts 
|_37__| Command Inactive Enable froma tL | (Notes) =| | | S| |i 
| 38 | Command Float Time fromMB-F | (Note) =| | ST | |g 
| 39 | DEN Inactive trommBF | Noto t) | | || es 
[40 | DEN inactive tom MBL SS] SSC) «dT SSC] SY SSCSCdYSCT 


Notes: 3. AEN is an asynchronous input. This specification is for testing purposes only, to assure recognition at a specific CLK edge. 
4. Contro! output load: CL = 150 pF. 
5. Command output load: C, = 300 pF. 
6. Float condition occurs when output current is less than ILo in magnitude. 
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SWITCHING WAVEFORMS 
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General 


AC Setup, Hold, and Delay Time Measurement — 
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SWITCHING WAVEFORMS (Cont'd.) 


© © © 
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CLK Characteristics 
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Status, ALE, MCE Characteristics 


CMDLY 
WF008090 
CENL, CMDLY, DEN Characteristics with MB=0 and CEN=1 During Write Cycle 





3-286 


SWITCHING WAVEFORMS (Cont'd.) 
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Read Cycle Characteristics with MB=0 and CEN=1 


CMDLY YY AY 
FEY WOOO SEAS 
CENL YY im SAN \ 


Write Cycle Characteristics With MB=0 AND CEN=1 
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82C288 


SWITCHING WAVEFORMS (Cont'd.) 


(ts) 
© TILL 
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AEN Characteristics with MB = 1 


Note 1: AEN is an asynchronous input. AEN setup and hold time is specified to guarantee the response 
shown in the waveforms. 
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SWITCHING WAVEFORMS (Cont'd.) 


Te 


__ _FLOATING 


WF022470 
MB Characteristics with AEN/CEN = HIGH 


Notes: 1. MB is an asynchronous input. MB setup and hold times specified to guarantee the response 
shown in the waveforms. 
2. If the setup time, tgs, is met two clock cycles will occur before CMD becomes active after the 


falling edge of MB. 
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8251/Am9551 


8251/Am9551 


Programmable Communication Interface 
iAPX86 Family 


DISTINCTIVE CHARACTERISTICS 


Separate control and transmit register input buffers 
Synchronous or asynchronous serial data transfer 
Parity, overrun and framing errors detected 

Half or full duplex signalling 

Character length of 5, 6, 7 or 8 bits 


@ Internal or external synchronization 
@ Odd parity, even parity or no parity bit 
@ Modem interface controlled by processor 
- Programmable Sync pattern 
- Fully TTL compatible logic levels 


GENERAL DESCRIPTION 


The 8251/Am9551 is a programmable serial data commu- 
nication interface that provides a Universal Synchronous/ 
Asynchronous Receiver/Transmitter (USART) function. It is 
normally used as a peripheral device for an associated 
processor and may be programmed by the processor to 
operate in a variety of standard serial communication 
formats. 


The device accepts parallel data from the CPU, formats 
and serializes the information based on its current operat- 
ing mode, and then transmits the data as a serial bit stream. 


Simultaneously, serial data can be received, converted into 
parallel form, deformatted, and then presented to the CPU. 
The USART can operate in an independent full duplex 
mode. 


Data, Contro!, operation and format options are all selected 
by commands from an associated processor. This provides 
an unusual degree of flexibility and allows the 8251/ 
Am9551 to service a wide range of communication disci- 
plines and applications. 


BLOCK DIAGRAM 


RECEIVE 
BUFFER 


CONTROL 


RECEIVER 
SECTION 


ahs STATUS COMMAND yoo 
REGISTER REGISTER BuCLER 
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Publication # Rev. Amendment 
02334 Cc /0 
Issue Date: April 1987 





CONNECTION DIAGRAM 
Top View 
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a 3 


g 
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TxROY 


CD005482 


Note: Pin 1 is marked for orientation. 


8251 ORDERING INFORMATION 


Commodity Products 


AMD commodity products are available in several packages and operating ranges. The order number (Valid Combination) is formed 


by a combination of: a. Temperature Range 
b. Package Type 
c. Device Number 
d. Speed Option 
e. Optional Processing 


8251 


Valid Combinations 


ie ee ST: 





*This device is also available in Military temperature range. 
See MOS Microprocessors and Peripherals Military Handbook 
(Order #09275A/0) for electrical performance characteris- 
tics. 


. OPTIONAL PROCESSING 
Blank = Standard processing 
B= Burn-in 


. SPEED OPTION 
Blank = 2.4 MHz 


. DEVICE NUMBER/DESCRIPTION 
8251 
Programmable Communication Interface 
iAPX86 Family 


. PACKAGE TYPE 
P = 28-Pin Plastic DIP (PD 028) 
D = 28-Pin Ceramic DIP (CD 028) 


. TEMPERATURE RANGE* 
Blank = Commercial (0 to + 70°C) 
| = Industrial (-40 to + 85°C) 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations, to check on newly released valid combinations, 
and to obtain additional data on AMD's standard military 
grade products. 
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8251/Am9551 


Am9551 ORDERING INFORMATION 


Standard Products 


AMD standard products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: a. Device Number 


b. Speed Option (if applicable) 


c. Package Type 
d. Temperature Range 
e. Optional Processing 


AM9551 ah D iG. 





AM9551 
AM9551-4 


a. DEVICE NUMBER/DESCRIPTION 
Am9551 
Programmable Communication Interface 
iAPX86 Family 


Valid Combinations 





PC, DC, DCB, DIB 


*This device is also available in Military temperature range. 
See MOS Microprocessors and Peripherals Military Handbook 
(Order #09275A/0) for electrical performance characteris- 


tics. 


ee OPTIONAL PROCESSING 
Blank = Standard processing 
B = Burn-in 
d. TEMPERATURE RANGE* 
C =Commercial (0 to + 70°C) 
| = Industrial (-40 to +85°C) 
c. PACKAGE TYPE 
P = 28-Pin Plastic DIP (PD 028) 
D = 28-Pin Ceramic DIP (CD 028) 
b. SPEED OPTION 


Blank = 2.4 MHz 
-4=2.6 MHz 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations, to check on newly released combinations, and 
to obtain additional data on AMD's standard military grade 
products. 
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PIN DESCRIPTION 


| Pin wo. | Name | 0 Description 


27, 28, 1, |Data Bus 1/0 |The Am9551 uses an 8-bit bidirectional data bus to exchange information with an associated processor. 
2, 5-8 (DBo-DB7) Internally, data is routed between the data bus buffers and the transmitter section or receiver section as 
selected by the Read (RD) or Write (WR) control inputs. 


11 Chip Select (CS) The active low Chip Select input allows the Am9551 to be individually selected from other devices within its 
address range. When Chip Select is HIGH, reading or writing is inhibited, and the data bus output is in its high- 
impedance state. 

aa, Reset (RST) pel The Am9551 will assume an Idle state when a high level is applied to the Reset input. When the Reset is 


returned LOW, the Am9551 will remain in the Idle state until it receives a new mode control instruction. 


Read (RD) a The active low Read input enables data to be transferred from the Am9551 to the processor. 
Write (WR) st, | The active low Write input enables data to be transferred from the processor to the Am9551. 


Control/Data (CD) During a Read operation, if this input is at a high level, the status byte will be read, and if it is at a low level, the 
receive data will be read by the processor. When a Write operation is being performed, this input will indicate to 
the Am9551 that the bus information being written is a command if C/D is HIGH and data if C/D is LOW. 


a a 
[0 [0 | 1] 0 | Angas DATA — DATA BUS _| 
[of ata BUS Amst DATA | 
af 0 [ama STATUS — DATA BUS | 
Pf 0a BUS — Ami551 COMMAND | 
PTA BUS THREESTATE—_| 


This input is used for internal timing within the Am9551. It does not control the transmit or receive rate. 
However, it should be at least 30 times the receive or transmit rate in the synchronous mode and 4.5 times the 
receive or transmit rate in the asynchronous mode. The CLK frequency is also restricted by both an upper and a 
lower bound. This input is often connected to a clock from the associated processor. 


Serial data is received from the communication line on this input. 


The serial data on input RxD is clocked into the Am9551 by the RxC clock signal. In the synchronous mode, 
RxC is determined by the baud rate and supplied by the modem. In the asynchronous mode, RxC is 1, 16, or 64 
times the baud rate as selected in the mode control instruction. Data is sampled by the Am9551 on the rising 
edge or RxC. 


The RxRDY output signal indicates to the processor that data has been shifted into the receiver buffer from the 
receiver section and may be read. The signal is active high and will be reset when the buffer is read by the 
processor. RxRDY can be activated only if the receiver enable (RxE) has been set in the command register, 
even though the receiver may be running. If the processor does not read the receiver buffer before the next 
character is shifted from the receiver section, then an overrun error will be indicated in the status buffer. 


Sync Detect 1/O {This signal is used only in the synchronous mode. It can be either an output or input depending on whether the 
(SYNDET) Program is set for internal or external synchronization. As an output, a high level indicates when the sync 
character has been detected in the received data stream after the Internal Synchronization mode has been 
programmed. If the Am9551 is programmed to utilize two sync characters, then SYNDET will go to a high level 
when the last bit of the second sync character is received. SYNDET is reset when the status buffer is read or 
when a Reset signal is activated. SYNDET will perform as an input when the External Synchronization mode is 
programmed. External logic can supply a positive-going signal to indicate to the Am9551 that synchronization 
has been attained. This will cause it to initialize the assembly of characters on the next falling edge of RxC. To 
successfully schiee Se en ironization, the SYNDET signal should be maintained in a high condition for at least 
one full period of RxC. 


Serial data is transmitted to the communication line on this output. 


The serial data on TxD is clocked out with the TxC signal. The relationship between clock rate and baud rate is 
similar to that for RxC. Data is shifted out of the Am9551 on the falling edge of TxC. 


The TxRDY output signal goes HIGH when data in the Transmit Data Buffer has been shifted into the 
transmitter section allowing the Transmit Data Buffer to accept the next byte from the processor. TxRDY will be 
reset when information is written into the Transmit Data Buffer. Loading command register also resets TxRDY. 
TxRDY will be available on this output pin only when the Am95851 is enabled to transmit (CTS = 0, TxEN = 1). 
However, the TxRDY bit in the status Buffer will always be set when the Transmit Data Buffer is empty 
regardless of the state of TxEN and CTS. 


The TxE output signal goes HIGH when the Transmitter section has transmitted its data and is empty. The 
signal will remain HIGH until a new data byte is shifted from the Transmit Data Buffer to the Transmitter section. 
In the synchronous mode if the processor does not load a new byte into the buffer in time, TxE will, independent 
of the status of the TxEN bit in the command register, momentarily go to a high level as SYNC characters are 
loaded into the Transmitter Section. 


This signal is a general purpose output which reflects the state of bit 1 in the Command instruction. It is 
commonly connected to an associated modem to indicate that the Am9551 is ready. 


This is a general purpose input signal and forms part of the status byte that may be read by the processor. DSR 
is generally used as a response to DTR, by the Modem, to indicate that it is ready. The signal acts only as a flag 
and does not contro! any internal logic. 


This is a general purpose output, similar to DTR, and reflects the state of bit 5 in Command Instruction. It is 
normally used to initiate a data transmission by requesting the modem to prepare to send. 


Clock (CLK) 


Receiver Data 
(RxD) 


Receiver Clock 
(RxC) 


Receiver Ready 
(RxRDY) 


Transmit Data (TxD) 


Transmitter Clock 
(TxC) 


Transmitter Ready 
(TxRDY) 


18 


Transmitter Empty 
(TxE) 


Data Terminal 
Ready (DTR) 
Data Set Ready 
(DSR) 

Request to Send 
(RTS) 


Clear to Send 
(CTS) 


24 
2 


2. 


This is a general purpose input signal used to enable the 8251/Am9551 to transmit data if the TxEN bit in the 
Command byte is a one. CTS is generally used as a response to RTS by a modem to indicate that transmission 
may begin. Designers not using CTS in their systems should remember to tie it LOW so that 8251/Am9551 data 
transmission will not be disabled. 
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PROGRAMMING INFORMATION 


The microcomputer program controlling the Am9551 performs 
these tasks: 

@ Outputs contro! codes 

@ Inputs status 

@ Outputs data to be transmitted 

@ Inputs data which have been received 


Control codes determine the mode in which the Am9551 will 
operate and are used to set or reset control signals output by 
the Am9551. 


The Status register contents will be read by the program 
monitoring this device's operation to determine error condi- 
tions and when and how to read data, write data or output 
control codes. Program logic may be based on reading status 
bit levels, or contro! signals may be used to request interrupts. 


Initializing the Am9551 


The Am9551 may be initialized following a system reset or 
prior to starting a new serial !/O sequence. The USART must 
be reset following power up and subsequently may be reset at 
any time following completion of one activity and preceding a 
new set of operations. Following a reset, the Am9551 enters 
an Idle state in which it can neither transmit nor receive data. 


The Am9551 is initialized with two, three or four control words 
from the processor. Figure 1 shows the sequence of control 
words needed to initialize the Am9551, for synchronous or for 
asynchronous operation. Note that in asynchronous operation 
a mode control is output to the device followed by a command. 
For synchronous operation, the mode control is followed by 
one or two SYNC characters and then a command. 


SYNCHRONOUS 
OPERATION 


ASYNCHRONOUS 
OPERATION 


INITIALING MODE CONTROL 


MODE CONTROL 
SEQUENCE 


COMMAND SYNC #1 


SYNC #2 
(OPTIONAL) 


INITIALIZING 


cool SEQUENCE 


_ DATA 


COMMAND 





DATA 
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Figure 1. Control Word Sequence for 
Initialization 


Only a single address is set aside for mode control bytes, 
command bytes and SYNC character bytes. For this to be 
possible, logic internal to the chip directs control information 
to its proper destination based on the sequence in which it is 
received. Following a reset, the first control code output is 
interpreted as a mode control. If the mode control specifies 
synchronous operation, then the next one or two bytes (as 
determined by the mode byte) output as control codes will be 
interpreted as SYNC characters. For either asynchronous or 
synchronous operation, the next byte output as a control code 
is interpreted as command. All subsequent bytes output as 
control codes are interpreted as commands. There are two 
ways in which control logic may return to anticipating a mode 
control input: either following an external Reset signal or 
following an internal Reset command. 


MODE CONTROL CODES 


The Am9551 interprets mode control codes as illustrated in 
Figures 2 and 3. 


Control code bits 0 and 1 determine whether synchronous or 
asynchronous operation is specified. A non-zero value in bits 0 
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and 1 specifies asynchronous operation and defines the 
relationship between data transfer baud rate and receiver or 
transmitter clock rate. Asynchronous serial data may be 
received or transmitted on every clock pulse, on every 16th 
clock pulse, or on every 64th clock pulse. A zero in both bits 0 
and 1 defines the mode of operation as synchronous. 


For synchronous and asynchronous modes, control bits 2 and 
3 determine the number of data bits which will be present in 
each data character. 


For synchronous and asynchronous modes, bits 4 and 5 
determine whether there will be a parity bit in each character, 
and if so, whether odd or even parity will be adopted. Thus in 
synchronous mode a character will consist of five, six, seven 
or eight data bits, plus an optional parity bit. In asynchronous 
mode, the data unit will consist of five, six, seven, or eight data 
bits, an optional parity bit, a preceding start bit, plus 1, 12, or 
2 trailing stop bits. Interpretation of subsequent bits differs for 
synchronous or asynchronous modes. 


7 Syne mode 


00 5 bits per character 
01 6 bits per character 
10 7 bits per character 
13 8 bits per character 


= Parity disable, 1 = Parity enable 
= Odd parity, 1 = Even parity 


= SYNDET output 
= SYNDET input 





= 2SYNC characters 
= 1 SYNC character 
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Figure 2. Synchronous Mode Control Code 


76 65 43 2 «1 


00 Invalid 
01 Async mode, 1 x Baud rate factor 


10 Async mode, 16 x Baud rate factor 
11 Async mode, 64 x Baud rate factor 


O—-— Bit No, 


00 S bits per character 
01 6 bits per character 
10 7 bits per character 
11 8 bits per character 


O = Parity disable, 1 = Parity enable 
Q = Odd parity, 1 = Even parity 

00 Invalid 

Ot 1stop bit 

10 1% stop bits 

11 2stop bits 
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Figure 3. Asynchronous Mode Control Code 


Control code bits 6 and 7 in asynchronous mode determine 
how many stop bits will trail each data unit. 142 stop bits can 
only be specified with a 16x or 64x baud rate factor. In these 
two cases, the half stop bit will be equivalent to 8 or 32 clock 
pulses, respectively. 


In synchronous mode, control bits 6 and 7 determine how 
character synchronization will be achieved- When SYNDET is 
an output, internal synchronization is specified; one or two 
SYNC characters, as specified by control bit 7, must be 
detected at the head of a data stream to establish synchroni- 
zation. 


Command Words 


Command words are used to initiate specific functions within 
the Am9551, such as "reset all error flags” or ''start searching 
for sync.'' Consequently, Command Words may be issued by 





the micro-processor to the Am9551 at any time during the 
execution of a program in which specific functions are to be 
initiated within the communication circuit. 


Figure 4 shows the format for the Command Word. 


7 6 &§ 4 3 2 1 QO—=— BitNo. 


TxEN 
1 = Enable transmission 
O = Disable transmission 


OTR 
1 = BTR output is forced to 0 


RxE 
1 = Enable RxRDY 
O = Disable RxRDY 


SBRK 
1. = TxD is forced low 
0 = Normal operation 


ER 
1 = Resets all error flags in 
Status register (PE, OF, FE) 


RTS 

1 = RTS output is forced to 0 
IR 

1. = Reset format 


EH 
1 = Enter HUNT mode 
DF003240 


Figure 4. Am9551 Control Command 


Bit 0 of the Command Word is the Transmit Enable bit (TxEN). 
Data transmission from the Am9551 cannot take place unless 
TxEN is set in the command register. Figure 5 defines the way 
in which TxEN, TxE and TxRDY combine to control transmitter 
operations. 


Bit 1 is the Data Terminal Ready (DTR) bit. When the DTR 
command bit is set, the DTR output connection is active (low). 
DTR is used to advise a modem that the data terminal is 
prepared to accept or transmit data. 


Bit 2 is the Receiver Enable Command bit (RxE). RxE is used 
to enable the RxRDY output signal. RxE prevents the RxRDY 
signal from being generated to notify the processor that a 
complete character is framed in the Receive Character Buffer. 
It does not inhibit the assembly of data characters at the input, 
however. Consequently, if communication circuits are active, 
characters will be assembled by the receiver and transferred 
to the Receiver Character Buffer. If RxE is disabled, the 
overrun error (OE) will probably be set; to insure proper 
operation, the overrun error is usually reset with the same 
command that enables RxE. 


Bit 3 is the Send Break Command bit (SBRK). When SBRK is 
set, the transmitter output (TxD) is interrupted and a continu- 
ous binary "'0'' level (spacing) is applied to the TxD output 
signal. The break will continue until a subsequent Command 
Word is sent to the Am9551 to remove SBRK. 


Bit 4 is the Error Reset bit (ER). When a Command Word is 
transmitted with the ER bit set, all three error flags in the 
Status Register are reset. Error Reset occurs when the 
Command Word is loaded into the Am9551. No latch is 
provided in the Command Register to save the ER command 
bit. 


Bit 5, the Request To Send Command bit (RTS), sets a latch to 
reflect the RTS signal level. The output of this latch is created 
independently of other signals in the Am9551. As a result, data 
transfers may be made by the microprocessor to the Transmit 
Register, and data may be actively transmitted to the commu- 
nication line through TxD regardless of the status of RTS. 


Bit 6, the Internal Reset (IR), causes the Am9551 to return to 
the Idle mode. All functions within the Am9551 cease and no 
new operation can be resumed until the circuit is reinitialized. If 
the operating mode is to be altered during the execution of a 
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microprocessor program, the Am9551 must first be reset. 
Either the external reset connection can be activated, or the 
Internal Reset Command can be sent to the Am9551. Internal 
Reset is a momentary function performed only when the 
command is issued. 


Bit 7 is the Enter Hunt command bit (EH). The Enter Hunt 
mode command is only effective for the Am9551 when it is 
operating in the Synchronous mode. EH causes the receiver 
to stop assembling characters at the RxD input and start 
searching for the prescribed sync pattern. Once the "Enter 
Hunt'' mode has been initiated, the search for the sync pattern 
will continue indefinitely until EH is reset when a subsequent 
Command Word is sent, when the IR command is sent to the 
Am9551, or when SYNC characters are recognized. 


Transmit Output Register and 
Transmit Character Buffer 
empty. TxD continues to mark 
if Am9551 is in the asynchro- 
nous mode. TxD will send 
Sync pattern if Am9551 is in 
the Synchronous Mode. Data 
can be entered into Buffer. 


Transmit Output Register is 
shifting a character. Transmit 
Character Buffer is available 


to receive a new byte from 
the processor. 


Transmit Register has fin- 
ished sending. A new charac- 
ter is waiting for transmission. 
This is a transient condition. 


Transmit Register is currently 
sending and an additional 
character is stored in the 
Transmit Character Buffer for 
transmission. 


Mis OL Off S07K:, Transmitter is disabled. 


Figure 5. Operation of the Transmitter Sec- 
tion as a Function of TxE, TxRDY 
and TxEN 


Status Register 


The Status Register maintains information about the current 
operational status of the Am9551. Figure 6 shows the fomat of 
the Status Register. 


TxRDY signals the processor that the Transmit Character 
Buffer is empty and that the Am9551 can accept a new 
character for transmission. 


RxRDY signals the processor that a completed character is 
holding in the Receive Character Buffer Register for transfer to 
the processor. 


TxE signals the processor that the Transmit Register is empty. 


PE is the Parity Error signal indicating to the CPU that the 
character stored in the Receive Character Buffer was received 
with an incorrect number of binary ''1"’ bits. 


OE is the receiver Overrun Error. OE is set whenever a byte 
stored in the Receiver Character Register is overwritten with a 
new byte before being transferred to the processor. 
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FE is the character framing error which indicates that the 
asynchronous mode byte stored in the Receiver Character 
Buffer was received with incorrect character bit format as 
specified by the current mode. 


SYNDET is the synchronous mode status bit associated with 
internal syne detection. 


DSR is the status bit set by the external Data Set Ready signal 
to indicate that the communication Data Set is operational. All 
status bits are set by the functions described for them. 
SYNDET is reset whenever the processor reads the Status 
Register. OE, FE, PE are reset only by command. 
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TxE 


PE 
Parity error 


OE 
Overrun error 


FE 
SYNOET 


DSR 
DF003250 


Figure 6. The Am9551 Status Register 





ABSOLUTE MAXIMUM RATINGS 


-65°C to + 150°C 
-0.5 to +7.0V 


Storage Temperature 
Vcc with Respect to Vss 
All Signal Voltages 

with Respect to Vss ~0.5V to +7.0V 
Power Dissipation ...........ccccecesecteresesceesencesceteeeens 1.0W 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


OPERATING RANGES 


Commercial (C) Devices 
Temperature (Ta) 
Supply Voltage (Vcc) 

Industrial (1) Devices 


Temperature (Ta) 
Supply Voltage (Vcc) 


-40 to +85°C 
5V +10% 


Operating ranges define those limits between which the 
functionality of the device is guaranteed. 


DC CHARACTERISTICS over operating ranges unless otherwise specified. 


Description 


Test Conditions 


plgHs S200UR = oe | ee 

ae ee ae Ge ee Ge 

GR SE a ent 

Felker eee! ral Ce ee 
| 22 | 





Volts 


Volts 


inpot HIGH Voges | SSCSCS~S 


Input LOW Voltage 


Input Load Current Vss SVin <Voc 


Vi = 0.45V 
eee 
Vac Supply Current 


Output Capacitance 
Input Capacitance 
1/O Capacitance 


See Section 6 for Thermal Characteristics Information. 


fc = 1.0MHz, Inputs = OV 
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SWITCHING TEST INPUT/OUTPUT WAVEFORM 


20 tesp 20K 
0.8 ———_ POINTS». 9g 


AC testing inputs are driven at 2.4V for a logic '1'' and 0.45V for a logic "'0."' Timing 
measurements are made at 2.0V for a logic '"1"" and 0.8V for a logic "0." 


WF006490 


SWITCHING TEST CIRCUIT 


TC003851 
This test circuit is the dynamic load of a Teradyne J941. 
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SWITCHING CHARACTERISTICS over Operating Range unless otherwise specified. 


Parameters in| Max | in| max | min | nex | 


[x] OS see REND tw Setaptnw 60 [eo 
en OS, CFE to ERD tow Setup Tree 
A a OE 
[READ High to Data Bus OW Deey ——~—~«dY~—as | 200 a5 | a0 | as | 200 | ne | 
toTz | Tx Low t0 TxD Delay ee ae oe 
iow | Data to WATE High Setup Time Ee 

CN (A | 

[20 _| 






















i ee 
eS a A 0 OT 
a A 
[ta © | Glock Riso & Falla ———S~CSC—S— Td 
ce 7 A oT 
[tao | READ Low to Data Gus On Delay ———~—S~dSCS*~SC(iTSSC*dCSSSS*d 

fee et 


Receiver Clock High Time 16x & 64x 
Baud Rate 


ixeaud Rate |_| ie | | @ | 


tRew Receiver Clock High Time 16x & 64x 
a ee ee 


ee ar WE Rabe Dag Waltz J} — 2 


Time Between WRITE Pulses During Initialization 
(Note u, 


a a ae 
ee a ere ea ee oe OS el 
Peas rate | _is | [is | | 6 |_| 


tTpp Transmitter Clock High Time 16x & 64x ca 
Baud Rate aa 


ixBaud Rate =| 2st id 


trpw Transmitter Clock Low Time 16x & 64x ad 
Baud Rate 
i 


[ix | Baa Bt Coney we TROY Oday 

Se eC eee eee eee ee CP ec 
[wa | WATTE High to ©S, G70 Hold Time —=«dY~s| S| | dr 
[wo] WRITE High to Tse, OTA, ATS Dewy ——S—Ss«d|~SCi‘iPS | ~SCCdT | SiC | 
[wo | WRITE High to Osia Hold Time _——SC~C~C~‘i | SCC] TCT Cd 
A CS 
[ix Baud Aate | oc [| 66 | oc | 6 | oc | eT 


Receiver Clock Frequency 16x & 64x 
ee 


1x Baud Rate 


ft Transmitter Clock Frequency 16x & 64x 


Notes: 1. This time period between write pulses is specified for initialization purposes only when MODE, SYNC 1, SYNC 2, COMMAND and first DATA 
BYTE are written into the Am9551. Subsequent writing of both COMMAND and DATA are only allowed when TxRDY = 1. try after internal 
Reset = 8 * toy. 

2. Reset Pulse Width = 6tCY min. 
3. Switching Characteristics parameters are listed in alphabetical order. 
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SWITCHING WAVEFORMS 


READ OPERATION WRITE OPERATION 


fo={—tRA 


tOF 


tRO 


TXE, OTR, 
RTS 


WFO006500 WF006510 


TRANSMITTER CLOCK AND DATA RECEIVER CLOCK AND DATA 


1TPW———e- ja t RxC 
- Te (16 x BAUD) 
xe | je RW —o| }— tAPD 
(1.x BAUD) ‘ 
Axe 
}»-——_——16 txc PERIODS» ‘igen 
Txc \ / \ / / \ eee ee cae 
(18 x BAUD) INTERNAL 
SAMPLING 
ba] wor PULSE Die ees | eee 
1SRX THRX 
TxO 
—x— > 


WFO006521 
WF006530 


TxRD TIMING (ASYNC MODE) RxRDY TIMING (ASYNC MODE) 


TxEMPTY 
fe Tx 
PARITY } stop | START 
TxRoy \ / \ 7 F \ T DATABITS BIT BIT 


}e— tRX 


WRITE WRITE WRITE 
1ST.BYTE 2ND. BYTE } 3RD. BYTE 


DATA PARITY 
MARKING] START BIT BITS ; STOP BIT START BIT 


L—_____—ssr, DATA BYTE» |» DATA BYTE WF006550 


WF006540 





INTERNAL SYNC DETECT (SYNC MODE ONLY) EXTERNAL SYNC DETECT (SYNC MODE ONLY) 


j=————— sync CHARACTER 01101001 ———-»>| 
LAST 
RxD 1ST. 1 SYNOET 
5 BIT au (OUTPUT) 
us os RESET BY 


SYNDET STATUS READ — 
(OUTPUT) OPERATION 
WFO006560 1ST. DATA BYTE—————_ 


WF006570 
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S251A 


Programmable Communication Interface 
iAPX86 Family 


DISTINCTIVE CHARACTERISTICS 


Synchronous and Asynchronous Operation 
Synchronous 5-8 Bit Characters; Internal or External 
Character Synchronization; Automatic Sync Insertion 
Asynchronous 5-8 Bit Characters; Clock Rate-1, 16 
or 64 Times Baud Rate; Break Character Generation; 1, 
1 1/2, or 2 Stop Bits; False Start Bit Detection; 
Automatic Break Detect and Handling 

Synchronous Baud Rate-DC to 64K Baud 


Asynchronous Baud Rate-DC to 19.2K Baud 
Full-Duplex, Double-Buffered Transmitter and Receiver 
Error Detection - Parity, Overrun and Framing 
Compatible with an Extended Range of Microproces- 
sors 

28-Pin DIP Package and PLCC 

All Inputs and Outputs are TTL Compatible 


GENERAL DESCRIPTION 


The 8251A is the enhanced version of the industry stan- 
dard, 8251 Universal Synchronous/Asynchronous Receiv- 
er/Transmitter (USART), designed for data communica- 
tions with microprocessor families, such as the iAPX86, 88. 
The 8251A is used as a peripheral device and is pro- 
grammed by the CPU to operate using virtually any serial 
data transmission technique presently in use (including IBM 
"bi-sync’'). The USART accepts data characters from the 
CPU in parallel format and then converts them into a 


continuous serial data stream for transmission. Simulta- 
neously, it can receive serial data streams and convert 
them into parallel data characters for the CPU. The USART 
will signal the CPU whenever it can accept a new character 
for transmission or whenever it has received a character for 
the CPU. The CPU can read the complete status of the 
USART at any time. These include data transmission errors 
and control signals, such as SYNDET, TxEMPTY. The chip 
is fabricated using N-channel silicon gate technology. 


BLOCK DIAGRAM 


READ/WRITE 
CONTROL 
LOGIC 


MODEM 
CONTROL 


INTERNAL 
DATA BUS 


TRANSMIT 
BUFFER 
(PS) 


TRANSMIT 
CONTROL 


RECEIVE 
BUFFER 
(S -P) 


RECEIVE 
CONTROL 


BD003550 


Figure 1. 


Publication # Rev. Amendment 
04133 B /0 
Issue Date: May 1987 
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Figure 2.1 


CONNECTION DIAGRAMS 
Top View 


Dy 

Do 

vcc 

Ax 

DTR 

RTS 

DSR 
RESET 
CLK 

TxD 
TxEMPTY 
CTs 
SYNDET/BD 
TxRDY 


CD005382 


Note: Pin 1 is marked for orientation. 
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Figure 2.2 


CD010590 





ORDERING INFORMATION 


Commodity Products 


AMD commodity products are available in several packages and operating ranges. The order number (Valid Combination) is formed 


by a combination of: a. Temperature Range 
b. Package Type 
c. Device Number 
d. Speed Option 
e. Optional Processing 


8251A 


Valid Combinations 


8251A 
8251AB 





*This device is also available in Military temperature range. 
See MOS Microprocessors and Peripherals Military Handbook 
(Order #09275A/0) for electrical performance characteris- 
tics. . 


. OPTIONAL PROCESSING 
Blank = Standard processing 
B = Burn-in 


. SPEED OPTION 
Blank = 3 MHz 


. DEVICE NUMBER/DESCRIPTION 
8251A 
Programmable Communication Interface iAPX Family 


. PACKAGE TYPE 
P = 28-Pin Plastic DIP (PD 028) 
D = 28-Pin Ceramic DIP (CD 028) 
N = 28-Pin Plastic Leaded Chip Carrier (PL 028) 


. TEMPERATURE RANGE* 
Blank = Commercial (0 to + 70°C) 
| = Industrial (-40 to + 85°C) 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations, to check on newly released valid combinations, 
and to obtain additional data on AMD's standard military 
grade products. 
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PIN DESCRIPTION and RELATED INFORMATION 


CLK (Clock) 


The CLK input is used to generate internal device timing and is 
normally connected to the Phase 2 (TTL) output of the Clock 
Generator. No external inputs or outputs are referenced to 
CLK but the frequency of CLK must be greater than 30 times 
the receiver or Transmitter data bit rates. 


WR (Write) 


A "LOW" on this input informs the 8251A that the CPU is 
writing data or control words to the 8251A. 


RD (Read) 


A "LOW" on this input informs the 8251A that the CPU is 
reading data or status information from the 8251A. 


TRANSMIT 
BUFFER 
{P -S} 


READ/WRITE 


c/O___.} CONTROL TRANSMIT 


CONTROL 


RECEIVE 
SUFFER 


q CONTROL (S +P) 


RECEIVE 
CONTROL 


INTERNAL 
OATA BUS 


BRKDET 
BD005001 
Figure 3. 8251A Block Diagram Showing 


Data Bus Buffer and Read/Write 
Logic Functions 


res[Rs[wle] 
Po [0 | + | © |pesia bata ~ pata ous 
Po [+ [0 | 0 Jota bus ~ sassa vata 
Pao [+ [co status para sus 
Ta [oo Joara ous — contrat 
Dx [4 [oe Joara cus 0 stare 


C/D (Control/Data) 


This input, in conjunction with the WR and RD inputs, informs 
the 8251A that the word on the Data Bus is either a data 
character, control word or status information. 


1 = CONTROL/STATUS; 0 = DATA. 
CS (Chip Select) 


A "LOW" on this input selects the 8251A. No reading or 
writing will occur unless the device is selected. When CS is 
high, the Data Bus is in the float state and RD and WR have no 
effect on the chip. 
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Modem Control 


The 8251A has a set of control inputs and outputs that can be 
used to simplify the interface to almost any modem. The 
modem control signals are general purpose in nature and can 
be used for functions other than modem control, if necessary. 


DSR (Data Set Ready) 


The DSR input signal is a general-purpose, 1-bit inverting input 
port. Its condition can be tested by the CPU using a Status 
Read operation. The DSR input is normally used to test 
modem conditions such as Data Set Ready. 


DTR (Data Terminal Ready) 


The DTR output signal is a general-purpose, 1-bit inverting 
output port. It can be set "LOW" by programming the 
appropriate bit in the Command Instruction word. The DTR 
output signal is normally used for modem contro! such as Data 
Terminal Ready. 


RTS (Request to Send) 


The RTS output signal is a general-purpose, 1-bit inverting 
output port. It can be set "LOW" by programming the 
appropriate bit in the Command Instruction word. The RTS 
output signal is normally used for modem control such as 
Request to Send. 


CTS (Clear to Send) 


A "LOW" on this input enables the 8251A to transmit serial 
data if the Tx Enable bit in the Command byte is set to a 
"one." If either a Tx Enable off or CTS off condition occurs 
while the Tx is in operation, the Tx will transmit all the data in 
the USART, written prior to Tx Disable command before 


shutting down. 
Transmitter Buffer 


The Transmitter Buffer accepts parallel data from the Data 
Bus Buffer, converts it to a serial bit stream, inserts the 
appropriate characters or bits (based on the communication 
technique) and outputs a composite serial stream of data on 
the TxD output pin on the falling edge of TxC. The transmitter 
will begin transmission upon being enabled if CTS = 0. The 
TxD line will be held in the marking state immediately upon a 
master Reset or when Tx Enable or CTS is off or the 
transmitter is empty. 


Transmitter Control 


The Transmitter Control manages all activities associated with 
the transmission of serial data. It accepts and issues signals 
both externally and internally to accomplish this function. 


TRDY (Transmitter Ready) 


This output signals the CPU that the transmitter is ready to 
accept a data character. The TxRDY output pin can be used 
as an interrupt to the system, since it is masked by TxEnable; 
or for Polled operation, the CPU can check TxRDY using a 
Status Read operation. TxRDY is automatically reset by the 
leading edge of WR when a data character is loaded from the 
CPU. 


Note that when using the Polled operation, the TxRDY status 
bit is not masked by TxEnable, but will only indicate the 
Empty/Full Status of the Tx Data Input Register. 


TxE (Transmitter Empty) 


When the 8251A has no characters to send, the TxXEMPTY 
output will go "HIGH." It resets upon receiving a character 
from CPU if the transmitter is enabled. TXEMPTY remains high 





when the transmitter is disabled. TXEMPTY can be used to 
indicate the end of a transmission mode, so that the CPU 
“knows'' when to ‘turn the line around’ in the half-duplex 
operational mode. 


In the Synchronous mode, a "high"' on this output indicates 
that a character has not been loaded and the SYNC character 
or characters are about to be or are being transmitted 
automatically as ''fillers.''" TXEMPTY does not go LOW when 
the SYNC characters are being shifted out. 


TRANSMIT 
BUFFER 
{P -S) 


—e» TxROYV 


Ms READWRITE 
C/O__.| CONTROL 


TRANSMIT 
CONTROL SXEMPIY 


LOGIC Tt 


RECEIVE 
SUFFER 
{S -P) 


MODEM 
: CONTROL 


RECEIVE 


INTERNAL CONTROL 


DATA BUS 
BRKOET 
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Figure 4. 8251A Block Diagram Showing Mo- 
dem and Transmitter Buffer and 
Control Functions 


TxC (Transmitter Clock) 


The Transmitter Clock controls the rate at which the character 
is to be transmitted. In the Synchronous transmission mode, 
the Baud Rate (1x) is equal to the TxC frequency. In 
Asynchronous transmission mode, the baud rate is a fraction 
of the actual TxC frequency. A portion of the mode instruction 
selects this factor; it can be 1, 1/16 or 1/64 the TxC. 


For Example: 


If Baud Rate equals 110 Baud, 

TxC equals 110 Hz in the 1x mode. 
TxC equals 1.72 kHz in the 16x mode. 
TxC equals 7.04 kHz in the 64x mode. 


The falling edge of TxC shifts the serial data out of the 8251A. 
Receiver Buffer 


The Receiver accepts serial data, converts this serial input to 
parallel format, checks for bits or characters that are unique to 
the communication technique and sends an "assembled" 
character to the CPU. Serial data is input to RxD pin and is 
clocked in on the rising edge of AxC. 


Receiver Control 


This functional block manages all receiver-related activities 
which consist of the following features. 
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The RxD initialization circuit prevents the 8251A from 
mistaking an unused input line for an active low data line in 
the "break condition."’ Before starting to receive serial 
characters on the RxD line, a valid ''1"’ must first be 
detected after a chip master Reset. Once this has been 
determined, a search for a valid LOW (Start bit) is enabled. 
This feature is only active in the asynchronous mode and is 
only done once for each master Reset. 


The False Start bit detection circuit prevents false starts due 
to a transient noise spike by first detecting the falling edge 
and then strobing the nominal center of the Start bit 
(RxD = LOW). 


Parity error detection sets the corresponding status bit. 


The Framing Error status bit is set if the Stop bit is absent at 
the end of the data byte (asynchronous mode). 


RxRDY (Receiver Ready) 


This output indicates that the 8251A contains a character that 
is ready to be input to the CPU. RxRDY can be connected to 
the interrupt structure of the CPU or, for polled operation, the 
CPU can check the condition of RxRDY using a Status Read 
operation. 


RxEnable, when off, holds RxRDY in the Reset Condition. For 
Asynchronous mode, to set RxRDY, the Receiver must be 
enable to sense a Start Bit, and a complete character must be 
assembled and transferred to the Data Output Register. For 
Synchronous mode, to set RxRDY, the Receiver must be 
enabled, and a character must finish assembly and be 
transferred to the Data Output Register. 


Failure to read the received character from the Rx Data Output 
Register prior to the assembly of the next Rx Data character 
will set overrun condition error, and the previous character will 
be written over and lost. If the Rx Data is being read by the 
CPU when the internal transfer is occurring, overrun error will 
be set, and the old character will be lost. 


RxC (Receiver Clock) 


The Receiver Clock controls the rate at which the character is 
to be received. In Synchronous Mode, the Baud Rate (1x) is 
equal to the actual frequency of RxC. In Asynchronous Mode, 
the Baud Rate is a fraction of the actual RxC frequency. A 
portion of the mode instruction selects this factor: 1, 1/16 or 
1/64 the RxC. 


For example: 


Baud Rate equals 300 Baud, if 

RxC equals 300 Hz in the 1x mode; 
RxC equals 4800 Hz in the 16x mode; 
RxC equals 19.2 kHz in the 64x mode. 


Baud Rate equals 2400 Baud, if 

RxC equals 2400 Hz in the 1x mode; 
RxC equals 38.4 kHz in the 16x mode; 
RxC equals 153.6 kHz in the 64x mode. 


Data is sampled into the 8251A on the rising edge of RxC. 


NOTE: In most communications systems, the 8251A will be 
handling both the transmission and reception operations of a 
single link. Consequently, the Receive and Transmit Baud 
Rates will be the same. Both TxC and RxC will require identical 
frequencies for this operation and can be tied together and 
connected to a single frequency source (Baud Rate Genera- 
tor) to simplify the interface. 
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TRANSMIT 
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TRANSMIT 
CONTROL 


RECEIVE 
BUFFER 
(S -P) 


RECEIVE 
CONTROL 


BRKDET 


BDO05001 


Figure 5. 8251A Block Diagram Showing Receiver Buffer and Control Functions 


SYNDET (SYNC Detect/ 
BRKDET Break Detect) 


This pin is used in Synchronous Mode for SYNDET and may 
be used as either input or output, programmable through the 
Control Word. It is reset to output mode LOW upon RESET. 
When used as an output (internal Sync mode), the SYNDET 
pin will go "HIGH" to indicate that the 8251A has located the 
SYNC character in the Receive mode. If the 8251A is 
programmed to use double Sync characters (bisync), then 
SYNDET will go "HIGH" in the middle of the last bit of the 
second Sync character. SYNDET is automatically reset upon a 
Status Read operation. 


When used as an input (external SYNC detect mode), a 
positive going signal will cause the 8251A to start assembling 
data characters on the rising edge of the next RxC. Once in 
SYNC, the "HIGH" input signal can be removed. When 
External SYNC Detect is programmed, Internal SYNC Detect 
is disabled. 


BREAK (Asyne Mode Only) 


This output will go HIGH whenever the receiver remains LOW 
through two consecutive stop bit sequences (including the 
start bits, data bits, and parity bits). Break Detect may also be 
read as a Status bit. It is reset only upon a master chip Reset 
or Rx Data returning to a ‘'one" state. 


FEATURES AND ENHANCEMENTS 


The 8251A is an advanced design of the industry standard 
USART, the 8251. The 8251A operates with an extended 
range of microprocessors and maintains compatibility with the 
8251. Familiarization time is minimal because of compatibility 
and involves only knowing the additional features and en- 
hancements, and reviewing the AC and DC specifications of 
the 8251A. 
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Figure 6. 8251A Interface to 8080A Standard 
System Bus 


The 8251A incorporates all the key features of the 8251 and 
has the following additional features and enhancements: 


@ 8251A has double-buffered data paths with separate |/O 
registers for control, status, Data In, and Data Out, which 
considerably simplifies control programming and minimizes 
CPU overhead. 

In asynchronous operations, the Receiver detects and 
handles "break" automatically, relieving the CPU of this 
task. 

A refined Rx initialization prevents the Receiver from 
starting when in ''break’’ state, preventing unwanted inter- 
rupts from a disconnected USART. 

At the conclusion of a transmission, TxD line will always 
return to the marking state unless SBRK is programmed. 
Tx Enable logic enhancement prevents a Tx Disable 
command from halting transmission until all data previously 
written has been transmitted. The logic also prevents the 
transmitter from turning off in the middle of a word, 





When External Sync Detect is programmed, Internal Sync 
Detect is disabled, and an External Syne Detect status is 
provided via a flip-flop which clears itself upon a status 
read. 

Possibility of false sync detect is minimized by ensuring 
that, if double character sync is programmed, the charac- 
ters be contiguously detected and the Rx register cleared 
to all ones whenever the Enter Hunt command is issued in 
Sync mode. 

As long as the 8251A is not selected, the RD and WR do 
not affect the internal operation of the device. 

The 8251A Status can be read at any time, but the status 
update will be inhibited during status read. 

The 8251A is free from extraneous glitches and has 
enhanced AC and DC characteristics, providing higher 
speed and better operating margins. 

Synchronous Baud rate from DC to 64K. 


PRODUCT OVERVIEW 
General 


The 8251A is a Universal Synchronous/Asynchronous Re- 
ceiver/Transmitter designed for a wide range of microcompu- 
ters, such as the 8080A, 8085, 8086 and 8088. Like other |/O 
devices in a microcomputer system, its functional configura- 
tion is programmed by the system's software for maximum 
flexibility. The 8251A can support most serial data techniques 
in use, including IBM "'bi-sync."' 


In a communication environment, an interface device must 
convert parallel format system data into serial format for 
transmission and convert incoming serial format data into 
parallel system data for reception. The interface device must 
also delete or insert bits or characters that are functionally 
unique to the communication technique. In essence, the 
interface should appear ''transparent'' to the CPU, a simple 
input or output of byte-oriented system data. 


Data Bus Buffer 


This 3-state, bidirectional, 8-bit buffer is used to interface the 
8251A to the system Data Bus. Data is transmitted or received 
by the buffer upon execution of INput or OUTput instructions 
of the CPU. Control! words, Command words and Status 
information are also transferred through the Data Bus Buffer. 
The Command Status, Data-In and Data-Out registers are 
separate, 8-bit registers communicating with the system bus 
through the Data Bus Buffer. 


This functional block accepts inputs from the system Control 
bus and generates control signals for overall device operation. 
it contains the Control Word Register and Command Word 
Register that store the various control formats for the device 
functional definition. 


RESET (Reset) 


A "HIGH" on this input forces the 8251A into an ‘'Idle'' mode. 
The device will remain at "'Idle'' until a new set of control 
words is written into the 8251A to program its functional 
definition. Minimum RESET pulse width is 6 tey (clock must be 
running). 


A command reset operation also puts the device into the 
"Idle" state. 


DETAILED DESCRIPTION 
General 


The complete functional definition of the 8251A is pro- 
grammed by the system's software. A set of control words 
must be sent out by the CPU to initialize the 8251A to support 
the desired communications format. These control words will 
program the: BAUD RATE, CHARACTER LENGTH, NUMBER 
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OF STOP BITS, SYNCHRONOUS or ASYNCHRONOUS OP- 
ERATION, EVEN/ODD/OFF PARITY, etc. In the Synchronous 
Mode, options are also provided to select either internal or 
external character synchronization. 


Once programmed, the 8251A is ready to perform its commu- 
nication functions. The TxRDY output is raised "HIGH" to 
signal the CPU that the 8251A is ready to receive a data 
character from the CPU. This output (TxRDY) is reset auto- 
matically when the CPU writes a character into the 8251A. On 
the other hand, the 8251A receives serial data from the 
MODEM or I/O device. Upon receiving an entire character, the 
RxRDY output is raised "HIGH" to signal the CPU that the 
8251A has a complete character ready for the CPU to fetch. 
RxRDY is reset automatically upon the CPU data read 
operation. 


The 8251A cannot begin transmission until the Tx Enable 
(Transmitter Enable) bit is set in the Command Instruction and 
it has received a Clear To Send (CTS) input. The TxD output 
will be held in the marking state upon Reset. 


SYNC MOOE 
ONLY* 
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*THE SECOND SYNC CHARACTER IS SKIPPED IF MODE INSTRUC- 
TION HAS PROGRAMMED THE 8251A TO SINGLE CHARACTER 
SYNC MODE. BOTH SYNC CHARACTERS ARE SKIPPED IF MODE 
INSTRUCTION HAS PROGRAMMED THE 8251A TO ASYNC MODE, 


Figure 7. Typical Data Block 


Programming the 8251A 


Prior to starting data transmission or reception, the 8251A 
must be loaded with a set of control words penetrated by the 
CPU. These control signals define the complete functional 
definition of the 8251A and must immediately follow a Reset 
operation (internal or external). 


The contro! words are split into two formats: 


1. Mode Instruction 
2. Command Instruction 


Mode Instruction 


This instruction defines the general operational characteristics 
of the 8251A. It must follow a Reset operation (internal or 
external). Once the Mode Instruction has been written into the 
8251A by the CPU, SYNC characters or Command Instruc- 
tions may be written. 


Command Instruction 


This instruction defines a word that is used to control the 
actual operation of the 8251A. 


Both the Mode and Command Instructions must conform to a 
specified sequence for proper device operation (see Figure 7). 
The Mode Instruction must be written immediately following a 
Reset operation, prior to using the 8251A for data communica- 
tion. 
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All control words written into the 8251A after the Mode 
Instruction will load the Command Instruction. Command 
Instructions can be written into the 8251A at any time in the 
data block during the operation of the 8251A. To return to the 
Mode Instruction format, the master Reset bit in the Command 
Instruction word can be set to initiate an internal Reset 
operation which automatically places the 8251A back into the 
Mode Instruction format. Command Instructions must follow 
the Mode Instructions or Syne characters. 


Mode Instruction Definition 


The 8251A can be used for either Asynchronous or Synchro- 
nous data communication. To understand how the Mode 
Instruction defines the functional operation of the 8251A, the 
designer can best view the device as two separate compo- 
nents, one Asynchronous and the other Synchronous, sharing 
the same package. The format definition can be changed only 
after a master chip Reset. For explanation purposes the two 
formats will be isolated. 


NOTE: When parity is enabled, it is not considered as one of 
the data bits for the purpose of programming the word length. 
The actual parity bit received on the Rx Data line cannot be 
read on the Data Bus. In the case of a programmed character 
length of less than 8 bits, the least significant Data Bus bits will 
hold the data; unused bits are ''don't care'' when writing data 
to the 8251A and will be "zeros" when reading the data from 
the 8251A. 


Asynchronous Mode (Transmission) 


Whenever a data character is sent by the CPU, the 8251A 
automatically adds a Start bit (low level) followed by the data 
bits (least significant bit first) and the programmed number of 
Stop bits to each character. Also, an even or odd Parity bit is 
inserted prior to the Stop bit(s), as defined by the Mode 
Instruction. The character is then transmitted as a serial data 
stream on the TxD output. The serial data is shifted out on the 
falling edge of TxC at a rate equal to 1, 1/16, or 1/64 that of 
the TxC, as defined by the Mode Instruction. BREAK charac- 
ters can be continuously sent to the TxD if commanded to do 
so. 


When no data characters have been loaded into the 8251A, 
the TxD output remains "HIGH" (marking) unless a Break 
(continuously LOW) has been programmed. 


0, De 0% O% 0; DB, OD, Dy 


BAUD RATE FACTOR 


PARITY ENABLE 
1= ENABLE 0 DISABLE 


EVEN aaa GENERATION/CHECK 
1* EVEN DO 


NUMBER OF STOP BITS 





EVERES 
ONLY AFFECTS Tx; Rx 


EVER peti ‘MORE 
THAN ONE STOP BiT) 
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Figure 8. Mode Instruction Format, 
Asynchronous Mode 
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Asynchronous Mode (Receive) 


The RxD line is normally HIGH. A falling edge on this line 
triggers the beginning of a START bit. The validity of this 
START bit is checked by again strobing this bit at its nominal 
center (16X or 64X mode only). If a LOW is detected again, it 
is a valid START bit, and the bit counter will start counting. The 
bit counter thus locates the center of the data bits, the parity 
bit (if it exists) and the STOP bits. If parity error occurs, the 
parity error flag is set. Data and parity bits are sampled on the 
RxD pin with the rising edge of RxC. If a low level is detected 
as the STOP bit, the Framing Error flag will be set. The STOP 
bit signals the end of a character. Note that the receiver 
requires only one STOP bit, regardless of the number of STOP 
bits programmed. This character is then loaded into the 
parallel I/O buffer of the 8251A. The RxRDY pin is raised to 
signal the CPU that a character is ready to be fetched. lf a 
previous character has not been fetched by the CPU, the 
present character replaces it in the 1/O buffer, and the 
OVERRUN Error flag is raised (thus the previous character is 
lost). All of the error flags can be reset by an Error Reset 
Instruction. The occurrence of any of these errors will not 
affect the operation of the 8251A. 


GENERATED 
TRANSMITTER OUTPUT DoDy---- Ox BY B251A 


TxD manxina | “ar | DATA BITS ary Hig | 


DOES NOT APPEAR 


RECEIVER INPUT O09 01 ----Dx ON THE DATA BUS 


START PARITY STOP 
| rAR DATABITS ee | stor | 


PROGRAMMED 
CHARACTER 
LENGTH 


RxO 


TRANSMISSION FORMAT 
CPU BYTE (5-8 BITS/CHAR} 


| DATA CHARACTER 


ASSEMBLED SERIAL DATA OUTPUT (TxO) 


START PARITY stop 
RECEIVE FORMAT 


SERIAL DATA INPUT (RxO) 


Ea Ea STOP | 
BIT DATA CHARACTER airs 


CPU BYTE (5-8 BITS/CHAR)* 


DATA CHARACTER | 


*Note: IF CHARACTER LENGTH IS DEFINED AS 5, 6 OR 7 BITS, THE 
UNUSED BITS ARE SET TO "ZERO." 
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Figure 9. Asynchronous Mode 


Synchronous Mode (Transmission) 


The TxD output is continuously HIGH until the CPU sends its 
first character to the 8251A which usually is a SYNC charac- 
ter. When the CTS line goes LOW, the first character is serially 
transmitted out. All characters are shifted out on the falling 
edge of TxC. Data is shifted out at the same rate as the TxC. 


Once transmission has started, the data stream at the TxD 
output must continue at the TxC rate. If the CPU does not 
provide the 8251A with a data character before the 8251A 
Transmitter Buffers become empty, the SYNC characters (or 
character if in single SYNC character mode) will be automati- 
cally inserted in the TxD data stream. In this case, the 





TxEMPTY pin is raised HIGH to signal that the 8251A is empty 
and SYNC characters are being sent out. TxEMPTY does not 
go LOW when the SYNC is being shifted out (see figure 
below). The TxEMPTY pin is internally reset by a data 
character being written into the 8251A. 


AUTOMATICALLY INSERTED BY USART 


TxD J DATA | vata | sync1| sync 2 | pata | —-——— | 
FALLS UPON CPU WRITING A 
TxEMPTY / \ \ \ \ \ \ \ N SRACTER TO THE USART 


NOMINAL CENTER OF LAST BIT 
WFO008860 


Synchronous Mode (Receive) 


In this mode, character synchronization can be internally or 
externally achieved. If the SYNC mode has been programmed, 
ENTER HUNT command should be included in the first 
comand instruction word written. Data on the RxD pin is then 
sampled on the rising edge of RxC. The content of the Rx 
buffer is compared at every bit boundary with the first SYNC 
character until a match occurs. If the 8251A has been 
programmed for two SYNC characters, the subsequent re- 
ceived character is also compared. When both SYNC charac- 
ters have been detected, the USART ends the HUNT mode 
and is in character synchronization. The SYNDET pin is then 
set HIGH and is reset automatically by a STATUS READ. If 
parity is programmed, SYNDET will not be set until the middle 
of the parity bit instead of the middle of the last data bit. 


In the external SYNC mode, synchronization is achieved by 
applying a high level on the SYNDET pin, thus forcing the 
8251A out of the HUNT mode. The high !evel can be removed 
after one RxC cycle. An ENTER HUNT command has no 


effect in the asynchronous mode of operation. 


Parity error and overrun error are both checked in the same 
way as in the Asynchronous Rx mode. Parity is checked when 
not in Hunt, regardless of whether the Receiver is enabled or 
not. 


0, Og Dg O& D0, Op DB, Dy 


CHARACTER LENGTH 





5 6 7 8 
BITS | BITS | BITS | BITS 


PARITY ENABLE 
{1 = ENABLE) 
(0 = DISABLE) 


EVEN PARITY GENERATION/CHECK 
1* EVEN 
0=000 


EXTERNAL SYNC DETECT 
1 = SYNDET IS AN INPUT 
O= SYNDET iS AN OUTPUT 


SINGLE CHARACTER SYNC 
1 = SINGLE SYNC CHARACTER 
0 = DOUBLE SYNC CHARACTER 


DF003950 
Note: IN EXTERNAL SYNC MODE, PROGRAMMING DOUBLE CHAR- 
ACTER SYNC WILL AFFECT ONLY THE Tx. 


Figure 10. Mode Instruction Format, 
Synchronous Mode 
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The CPU can command the receiver to enter the HUNT mode 
if synchronization is lost. This will also set all the used 
character bits in the buffer to a "one,"’ thus preventing a 
possible false SYNDET caused by data that happens to be in 
the Rx Buffer at ENTER HUNT time. Note that the SYNDET 
F/F is reset at each Status Read, regardless of whether 
internal or external SYNC has been programmed. This does 
not cause the 8251A to return to the HUNT mode. When in 
SYNC mode, but not in HUNT, Sync Detection is still function- 
al, but only occurs at the ''known" word boundaries. Thus, if 
one Status Read indicates SYNDET and a second Status 
Read also indicates SYNDET, then the programmed SYNDET 
characters have been received since the previous Status 
Read. (If double character sync has been programmed, then 
both sync characters have been contiguously received to gate 
a SYNDET indication.) When external SYNDET mode is 
selected, internal Sync Detect is disabled, and the SYNDET 
F/F may be set at any bit boundary. 


CPU BYTES (5-8 BITS/CHAR) 


DATA CHARACTERS | 


ASSEMBLED SERIAL DATA OUTPUT (TxD) 


SYNC SYNC 


RECEIVE FORMAT 
SERIAL DATA INPUT (RxO) 


SYNC SYNC 
CPU BYTES (5-8 BITS/CHAR) 


DATA CHARACTERS 
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Figure 11. Data Format, Synchronous Mode 


COMMAND INSTRUCTION DEFINITION 


Once the functional definition of the 8251A has been pro- 
grammed by the Mode Instruction and the sync characters are 
loaded (if in Sync Mode), then the device is ready to be used 
for data communication. The Command Instruction controls 
the actual operation of the selected format. Functions, such as 
Enable Transmit/Receive, Error Reset and Modem Controls, 
are provided by the Command Instruction. 


Once the Mode Instruction has been written into the 8251A 
and Sync characters inserted, if necessary, then all further 
"control writes'' (C/D = 1) will load a Command Instruction. A 
Reset Operation (internal or external) will return the 8251A to 
the Mode Instruction format. 


Note: Internal Reset on Power-up 


When power is first applied, the 8251A may come up in the 
Mode, Sync character or Command format. To guarantee that 
the device is in the Command Instruction format before the 
Reset command is issued, it is safest to execute the worst- 
case initialization sequence (sync mode with two sync charac- 
ters). Loading three OOHs consecutively into the device with 
C/D = 1 configures sync operation and writes two dummy 00H 
sync characters. An Internal Reset command (40H) may then 
be issued to return the device to the ''Idle"’ state. 
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0, Of, OO OO, 0, 0, OD, Dy 


TRANSMIT ENABLE 
1 = enable 
O = disable 


DATA TERMINAL 
READY 

“high” wil force OTR 
Output to zero 


RECEIVE ENABLE 
1 * enable 
O disable 


SENO BREAK 
CHARACTER 
1 * forces TxD “low” 
0 + normal operation 


£RROR RESET 
1 * reset error flags 
PE, O£, FE 


REQUEST TO SEND 
“high” will force RTS 
Output to sero 


INTERNAL RESET 
“high” returns B251A to 
Mode Instruction Format 


ENTER HUNT MODE 
1 * enable search for Sync 
Characters 


{HAS NO EFFECT 
IN ASYNC MODE} 
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Note: Error Reset must be performed whenever RxEnable 
and Enter Hunt are programmed. 


Figure 12. Command Instruction Format 
STATUS READ DEFINITION 


In data communication systems, it is often necessary to 
examine the ''status'' of the active device to ascertain if errors 
have occurred or other conditions that require the processor's 
attention. The 8251A has facilities that allow the programmer 
to "read" the status of the device at any time during the 
functional operation. (Status update is inhibited during status 
read.) 


Anormal "read'' command is issued by the CPU with C/D = 1 
to accomplish this function. 


Some of the bits in the Status Read Format have identical 
meanings to external output pins, so that the 8251A can be 
used in a completely polled or interrupt-driven environment. 
TxRDY is an exception. 


Note that status update can have a maximum delay of 28 
clock periods from the actual event affecting the status. 
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0, Db, OD, oO, Oo; 0; oO, O» 
SAME DEFINITIONS AS 1/0 PINS 


PARITY ERROR 

The PE flag is set when a parity 
error it detected. It is reset by 
the ER bit of the Command 
Instruction, PE does not inhibit 
operation of the 8251A. 


OVERRUN ERROR 

The OE flag 1s set when the CPU 
does not read a character before 
the next one becomes available. 

It is reset by the ER bit of the 
Command Instruction. OE does 
Not inhibit operation of the 8251A 
however, the previously overrun 
character is lost. 


FRAMING ERROR {Async only} 
The FE fiag 1s set when a valid 
Stop bit is not detected at the 
end of every character. it 1s reset 
by the ER bit of the Command 
Instruction. FE does not inhibit 
the operation of the 251A. 


DATA SET READY: Indicates 
that the OSR is at a zero level. 
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Note 1: TxRDY status bit has different meanings from 
the TxRDY output pin. The former is not condi- 
tioned by CTS and TxEN; the latter is condi- 
tioned by both CTS and TxEN. i.e. TxRDY sta- 


tus bit= DB Buffer Empty; TxRDY pin out = DB 
Buffer Empty * (CTS 0) * (TxEN = 1) 


Figure 13. Status Read Format 
APPLICATIONS INFORMATION 


ADDRESS BUS 
CONTROL BUS. 


DATA BUS 


BAUD RATE 
GENERATOR 


CRT 
TERMINAL 
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Figure 14. Asynchronous Serial Interface to 
CRT Terminal, DC -9600 Baud 





CONTROL BUS 


SYNCHRONOUS 
TERMINAL 
OR PERIPHERAL 
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Figure 15. Synchronous Interface to 
Terminal or Peripheral Device 


CONTROL BUS 


OATA BUS 


BAUD 


ji | RATE 


GENERATOR TELEPHONE 
LINE 
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Figure 16. Asynchronous Interface to 
Telephone Lines 


TELEPHONE 
LINE 


AF003400 


Figure 17. Synchronous Interface to Telephone Lines 
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8251A 


ABSOLUTE MAXIMUM RATINGS 


Storage Temperature -65°C to +150°C 
Voltage on Any Pin 
with Respect to Ground 


Power Dissipation 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. : 


OPERATING RANGES 


Commercial (C) Devices 
Temperature (Ta) 
Supply Voltage (Vcc) 

Industrial (I) Devices 
Temperature (Ta) 
Supply Voltage (Vcc) 


0 to +70°C 
5 V +10% 


-40 to +85°C 
5 V +10% 


Operating ranges define those limits between which the 
functionality of the device is guaranteed. 


DC CHARACTERISTICS over operating ranges unless otherwise specified. 


Description Test Conditions | Min | Max | Units | 
Vi input Low Votlgs |S 


ViH Input High Voltage 
lot = 2.2 mA 


OL 

OH loH = -400 vA 

lot 
I 
icc 


CAPACITANCE (Ta = 25°C, Vcc = GND = OV) 


Parameters Description Test Conditions | Min’ =| Max | 
CIN Input Capacitance fe=1 MHz eee ee ee 


< 


+10 


m 


A 
pF 
pF 


Cio \/O Capacitance Unmeasured Pins Returned to GND 





See Section 6 for Thermal Characteristics Information. 
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SWITCHING TEST INPUT/OUTPUT WAVEFORM SWITCHING LOAD CIRCUIT 


co 
i) 
ul 
a 
> 


ry 
WF006190 


TC002030 


A.C. TESTING: INPUTS ARE DRIVEN AT 2.4 V FOR A LOGIC "1" Cy. = 150 pF 
AND 0.45 V FOR A LOGIC "0." TIMING MEASUREMENTS ARE 
MADE AT 2.0 V FOR A LOGIC ‘1" and 0.8 V FOR A LOGIC "'0." 


SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified. 
Bus Parameters (Note 1) 


Read Cycle 


Data Delay from READ 
tor READ to Data Floating 
Write Cycle 
taw Address Stable Before WRITE 
twa Address Hold Time for WRITE 
WRITE Pulse Width 
tow Data Setup Time for WRITE 
WD Data Hold Time for WRITE 
try Recovery Time Between WRITES 
Other Timings 
Clock Period 
Clock High Pulse Width 
Clock Low Pulse Width 
Clock Rise and Fall Time 
TxD Delay from Falling Edge of TxC 


Transmitter Input Clock Frequency 
1x Baud Rate 


16x Baud Rate 
64x Baud Rate 


Transmitter Input Clock Pulse Width 
1x Baud Rate 


16x and 64x Baud Rate 


Transmitter Input Clock Pulse Delay 
1x Baud Rate 


16x and 64x Baud Rate 


3, CL = 150 pF 


fo) 





a 
Hn 


nN 
6 
< 


| ww WATE Pulse With 


° 
S 


9 
(o) 


9 
oO 
o 
° 
N 


of 
< 


9g 

fo) 
xix 
N 


This table is continued on the next page. 
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8251A 


SWITCHING CHARACTERISTICS (Cont'd.) 


Other Timings (Cont'd.) 


Receiver Input Clock Frequency 
1x Baud Rate DC 64 kHz 


trpw Receiver Input Clock Pulse Width 
1x Baud Rate tcy 


Receiver Input Clock Pulse Delay 
1x Baud Rate 15 
tTxRDY TxRDY Pin Delay from Center of Last Bit 


a a 

ee ieee 

Pes ois 
CLEAR 

i Dl 


tRxRADY RxRDY Pin Delay from Center of Last Bit 


tRxRDY RxRDY | from Leading Edge of RD Note 7 
CLEAR 


Internal SYNDET Delay from Rising Edge of AxC 


External SYNDET Set-up Time After Rising Edge of trpp-tcy 
x! 


14 
WC Contro! Delay from Rising Edge of WRITE Note 7 
(TxEn, DTR, ATS) 


AC timings measured Voy = 2.0, VoL = 0.8, and with switching load circuit. 

. Chip Select (CS) and Command/Data (C/D) are considered as Addresses. 

. Assumes that Address is valid before Ro}. 

. This recovery time is for after a Mode Instruction only. Write Data is allowed only when TxRDY = 1. Recovery time between Writes 
for Asynchronous Mode is 8 tcy and for Synchronous Mode is 16 tcy. 

. The TxC and RxC frequencies have the following limitations with respect to CLK: for 1x Baud Rate, 
ffx or fax <1/(30 tcy): for 16x and 64x Baud Rate, fry, or fry <1/(4.5 tcy). 

. Reset Pulse Width = 6 tcy minimum; System Clock must be running during Reset. 

. Status update can have a maximum delay of 28 clock periods from the event affecting the status. 


tcy 
tcy 
tcy 
tcy 
tcy 
tcy 
tcy 
tcy 
tcy 
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TYPICAL A OUTPUT DELAY VS. A CAPACITANCE (pF) 


oe 
N 
ou 
= 
> 


A OUTPUT DELAY (ns) 


+50 +100 


-\ CAPACITANCE (pF) 
OP006180 


SWITCHING WAVEFORMS 


SYSTEM CLOCK INPUT 


CLOCK © ig jE = _ 





WF008150 
TRANSMITTER CLOCK AND DATA 


Tat (1x MOOE) 
Txt (16xMODE) 


TxOATA 
WF006200 


RECEIVER CLOCK AND DATA 


(Rx BAUD COUNTER STARTS HERE) 
Ax DATA START BIT DATA BIT OATA BIT 


‘app 


ae new 
RxG (1x MODE) 
8 RxC PERICOS 
(18x MODE) —_— 16 RxC PERIODS (16x MODE) 
RxC (16 MODE) 


ty at, 
INT SAMPLING 
PULSE 


+) 


WF008140 
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8251A 


SWITCHING WAVEFORMS (Cont'd.) 
WRITE DATA CYCLE (CPU -. USART) 


| tTxRDY CLEAR 
tww > 


cS tow | two 
OON’T CARE N'T R 
DATA IN (0.8.) DATA STABLE ue BARE 


' 
cf a = 


tAWw tWwA 


WF006140 


READ DATA CYCLE (CPU — USART) 


tRxRDY CLEAR 


i tan——— 
js—tro [+-toF 


OATA FLOAT DATA FLOAT 


OATA OUT (0.8.) —<) DATA OUT ACTIVE 


tRA 


WRITE CONTROL OR OUTPUT PORT CYCLE (CPU — USART) 


WF006150 


OTR, RTS 
(NOTE =1) 


Wr 


DATA IN (0.8.) 


WF006160 
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SWITCHING WAVEFORMS (Cont'd.) 


READ CONTROL OR INPUT PORT (CPU — USART) 


OSR, CTS 
(NOTE =2) 


Rd 


DATA OUT 
(0.8.) 


WF006170 


Notes: 1. Two INCLUDES THE RESPONSE TIMING OF A CONTROL BYTE. 
2. TcR INCLUDES THE EFFECT OF CTS ON THE TxENBL CIRCUITY. 


TRANSMITTER CONTROL AND FLAG TIMING (ASYNC MODE) 


Tx EMPTY 


Tx READY 
(STATUS BIT) 


Wr DATA 1. Wr DATA 2 


Wr 


Tx DATA 


DATA CHAR 1 DATA CHAR 2 DAT. AR 3 
we DATA CHAR 4 


START BIT 
DATA BIT 


WF024471 


EXAMPLE FORMAT = 7 BIT CHARACTER WITH PARITY & 2 STOP BITS. 


BREAK DETECT 


FRAMING ERROR 
STATUS BIT 


OVERRUN ERROR 
(STATUS BIT) tAx ROY 


cD aoe |W) [Ce 
Wr Fo ee ee eal 
Rx DATA foooo00d*"no000007™Lanconno” 


OATA CHAR1 DATA CHAR2 DATA CHARS 





AxEn EnRex 


WF024481 


EXAMPLE FORMAT = 7 BIT CHARACTER WITH PARITY 2 & STOP BITS. 
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SWITCHING WAVEFORMS (Cont'd.) 
TRANSMITTER CONTROL AND FLAG TIMING (SYNC MODE) 


Tx READY 
STATUS BIT) 


Tx READY 


ee 3 | ae 
[| a oe {| 


Wr COMMAND 


Wr DATA We DA _ 
SBRK 


a ge et auto lbt = 
ss aaEEQoasHQenacaoadacdanaccooaasa Ty “aaaad RRISSOHISOACEE: 
WF024491 





EXAMPLE FORMAT = 5 BIT CHARACTER WITH PARITY 2 SYNC CHARACTERS. 


RECEIVER CONTROL AND FLAG TIMING (SYNC MODE) 


SYNDET 
(PIN) NOTE1 


SYNDET (58) 


OVERRUN 
ERROR (S8) 


Fix ROY (PIN) 


a: STATUS 


mele DATA 


DONT SYNC SYNC DATA > DATA® DATA DATA 
CARE CHAR 1 CHAR 2 CHAR 1 CHAR 1] CHARS Guitres |SYNc CHAR 2| DONT CARE CHARS 1 CHAR 2 


Rix DATA sauSReNGearasuseH seaulieecuar eacuaUgesGel Guava! GRavaGuAGUCuOcOTCNaUeTETS 


| CHAR ASSY h 
¢ CHAR ASSY BEGINS i BEGINS 
cA 





_ Sores EXIT HUNT MopE ”” SET SYNDET (STATUS BIT) 
SET SYN DET (STATUS BIT) 


WF024501 


Notes: 1. INTERNAL SYNC. 2 SYNC CHARACTERS. 5 BITS WITH PARITY 
2. EXTERNAL SYNC. 5 BITS WITH PARITY 
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8253 


Programmable Interval Timer 
iAPX86 Family 


€S28 


DISTINCTIVE CHARACTERISTICS 


@ Both Binary and BCD counting @ DC to 5MHz 
@ Single +5V supply @ Programmable counter modes 
@ Three independent 16-bit counters @ Bus oriented I/O 


GENERAL DESCRIPTION 


The 8253 is a programmable counter/timer chip designed Each device is organized as three independent 16-bit 

for use with 8080A/8085A microprocessors. It uses NWYOS counters, each counter having a rate of up to 5MHz. All 

technology with a single +5V supply and is a direct modes of operation are software programmable. For im- 

replacement for Intel's 8253/8253-5., proved performance devices see the Am9513A System 
Timing Controller. 


BLOCK DIAGRAM 
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Publication # Rev. Amendment 
04126 B /0 
Issue Date: May 1987 





8253 


CONNECTION DIAGRAMS 
Top View 


a 
° 
Ke 
< 
9 


CD005672 
CD010071 


Note: Pin 1 is marked for orientation. 
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ORDERING INFORMATION 


Commodity Products 


AMD commodity products are available in several packages and operating ranges. The order number (Valid Combination) is formed 


by a combination of: a. Temperature Range 
b. Package Type 
c. Device Number 
d. Speed Option 
e. Optional Processing 


8253 


Valid Combinations 


8253 
8253-5 


8253B 


8253-5B 
8253-2B 





. OPTIONAL PROCESSING 
Blank = Standard Processing 
B = Burn-in 


. SPEED OPTION 
Blank = 2.6 MHz (trp = 300 ns) 
-5=2.6 MHz (trp = 200 ns) 
-2=5 MHz 


. DEVICE NUMBER/DESCRIPTION 
8253 
Programmable Interval Timer 
iAPX86 Family 


. PACKAGE TYPE 
P = 24-Pin Plastic DIP (PD 024) 
D = 24-Pin Ceramic DIP (CD 024) 
N = 28-Pin Plastic Leaded Chip Carrier (PL 028) 


. TEMPERATURE RANGE* 
Blank = Commercial (0 to + 70°C) 
| = Industrial (~40 to + 85°C) 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations, to check on newly released valid combinations, 
and to obtain additional data on AMD's standard military 
grade products. 


*This device is also available in Military temperature range. 
See MOS Microprocessors and Peripherals Handbook (Order 
#09275A/0) for electrical performance characteristics. 
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PIN DESCRIPTION 





| Pinos | Name [vo [| eseripton = 
Pet5 18 [KN | _1 | Counter dock inputs SSCS 
Counter gate inputs. 


Counter outputs. 


Pree A Sa 


vec 


Read counter. 


Counter select. 
+5 Volts. 


iat 
| oO 
is 
as 
pcs tip select. 
a 
lisa 
| 


* Pin numbers correspond to DIPs only. 


DETAILED DESCRIPTION 
General 


The 8253 is a programmable interval timer/counter specifical- 
ly designed for use with 8080A Microcomputer systems. Its 
function is that of a general-purpose, multitiming element that 
can be treated as an array of !/O ports in the system's 
software. 


The 8253 solves one of the most common problems in any 
microcomputer system: the generation of accurate time delays 
under software control. Instead of setting up timing loops in 
the system's software, the programmer configures the 8253 to 
match his requirements and initializes one of the counters of 
the 8253 with a desired quantity. Then upon command the 
8253 will count out the delay and interrupt the CPU when it 
has completed its task. It is easy to see that the software 
overhead is minimal and that multiple delays can easily be 
maintained by assignment of priority levels. 


Other counter/timer functions that are non-delay in nature but 
also common to most microcomputers can be implemented 
with the 8253. 

@ Programmable Rate Generator 

@ Event Counter 

® Binary Rate Multiplier 

@ Real-Time Clock 

@ Digital One-Shot 

@ Complex Motor Controller 


Data Bus Buffer 


This 3-state, bidirectional, 8-bit buffer is used to interface the 
8253 to the system data bus. Data is transmitted or received 
by the buffer upon execution of INput or OUTput CPU 
instructions. The Data Bus Buffer has three basic functions: 


1. Programming the MODES of the 8253, 
2. Loading the count registers, and 
3. Reading the count values. 


Read/Write Logic 


The Read/Write Logic accepts inputs from the system bus 
and in turn generates control signals for overall device 
operation. It is enabled or disabled by CS so that no Read or 
Write operation can occur unless the device has been 
selected by the system logic. 


RD (Read) 


A "LOW" on this input informs the 8253 that the CPU is 
inputting data in the form of a counter's value. 


Write command or data. 


WR (Write) 


A "LOW" on this input informs the 8253 that the CPU is 
outputting data in the form of MODE information or loading 
counters. 


AO, Ai 


These inputs are normally connected to the address bus. Their 
function is to select one of the three counters to be operated 
on and to address the control word register for MODE 
selection. 


CS (Chip Select) 


A "LOW" on this input enables the 8253. No reading or writing 
will occur unless the device is selected. The CS input has no 
effect upon the actual operation of the counters. 


cCLKO 
US GATEO 

BUFFER 

OuTO 


CLK2 
GATE 2 


OuT 2 





INTERNAL BUS 


BD005101 


Figure 1. Block Diagram Showing Data Bus Buf- 
fer and Read/Write Logic Functions 


Control Word Register 


The Control Word Register is selected when AO, A1 are 11. It 
then accepts information from the data bus buffer and stores it 
in a register. The information stored in this register controls the 
operational MODE of each counter, the selection of binary or 
BCD counting and the loading of each count register. 


The Control Word Register can only be written into; no read 
operation of its contents is available. 


Counter #0, Counter #1, Counter #2 
These three functional blocks are identical in operation so only 


a single Counter will be described. Each Counter consists of a 
single, 16-bit, presettable, DOWN counter. The counter can 


operate in either binary or BCD and its input, gate and output - 


are configured by the selection of MODES stored in the 
Control! Word Register. 


The counters are fully independent and each can have a 
different MODE configuration and counting operation, binary 
or BCD. Also, there are special features in the control word 
that handle the loading of the count value so that software 
overhead can be minimized for these functions. 


The reading of the contents of each counter is available to the 
programmer with simple READ operations for event counting 
applications, and special commands and logic are included in 
the 8253 so that the contents of each counter can be read ''on 
the fly'’ without having to inhibit the clock input. 


os|mo|wrlar{ao] 
oT [oe [0 [0 | toae Counter Noo] 


Po [4 [of of | toad Counter No 1 | 
Po [4 [ofa [0 | toed Counter No 2 _| 
Prof [eo] | 4 | wite MODE wos | 


Poo [0 | 0 | Read Counter No.0 | 
Po [ott] 0+ | Read Counter Not | 
ro] of4+| 4} 0 | Reed Counter No.2 | 
Fo Lo + [1] | NoOperaton Stato | 
rots fs [x [x | No-Operaton 3Stato | 





8253 SYSTEM INTERFACE 


The 8253 is a component of the iAPX Family and interfaces in 
the same manner as all other peripherals of the family. It is 
treated by the system's software as an array of peripheral 1/O 
ports; three are counters, and the fourth is a control register 
for MODE programming. 


Basically, the select inputs AO, A1 connect to the AO, A1 
address bus signals of the CPU. The CS can be derived 
directly from the address bus using a linear select method, or it 
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can be connected to the output of a decoder, such as an AMD 
Am25LS2548 or Am25LS2538 for larger systems. 


DATA 
BUS 
BUFFER 


CONTROL 
wORD. 
REGISTER 


INTERNAL BUS 


BD005101 


Figure 2. Block Diagram Showing Control Word 
Register and Counter Functions 


ADORESS BUS (16) 


CONTROL BUS 


Ay Ay 


COUNTER 
0 


2 
OUT GATE CLK 


OUT GATE CLK OUT GATE CLK 


8D005120 
Figure 3. 8253 System Interface 


8253 READ/WRITE PROCEDURE 
Write Operations 


The system's software must program each counter of the 
8253 with the mode and quantity desired. The programmer 
must write out to the 8253 a MODE control word and the 
programmed number of count register bytes (1 or 2) prior to 
actually using the selected counter. 


The actual order of the programming is quite flexible. Writing 
out of the MODE control word can be in any sequence of 
counter selection; ¢.g., counter #0 does not have to be first or 
counter #2 last. Each counter's MODE contro! word register 
has a separate address so that its loading is completely 
sequence independent (SCO, SC1). 
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The loading of the Count Register with the actual count value, 
however, must be done in exactly the sequence programmed 
in the MODE control word (RLO, RL1). This loading of the 
counter's count register is still sequence independent like the 
MODE control word loading, but when a selected count 
register is to be loaded, it must be loaded with the number of 
bytes programmed in the MODE control word (RLO, RL1). The 
one or two bytes to be loaded in the count register do not have 
to follow the associated MODE control word. They can be 
programmed at any time following the MODE control word 
loading as long as the correct number of bytes is loaded in 
order. 


All counters are down counters. Thus, the value loaded into 
the count register will actually be decremented. Loading all 
zeroes into a count register will result in the maximum count 
(2'6 for Binary or 104 for BCD). In MODE 0 a new count will 
not start until the load has been completed. The count register 
will accept one or two bytes depending on how the MODE 
control words (RLO, RL1) are programmed. 


Programming Format 


MODE Control Word 
Counter n 


Count Register byte 
Count Register byte 
Counter n 


Note: Format shown is a simple example of loading 
the 8253 and does not imply that it is the only 
format that can be used. 


Alternate Programming Formats 


Read Operations 


In most counter applications it becomes necessary to read the 
value of the count in progress and make a computational 
decision based on this quantity. Event counters are probably 
the most common application that uses this function. The 
8253 contains logic that will allow the programmer to easily 
read the contents of any of the three counters without 
disturbing the actual count in progress. 


There are two methods that the programmer can use to read 
the value of the counters. The first method involves the use of 
simple |/O read operations of the selected counter. By 
controlling the AO, A1 inputs to the 8253, the programmer can 
select the counter to be read (remember that no read 
operation of the mode register is allowed AO, A1-11). The only 
requirement with this method is that to assure a stable count 
reading the actual operation of the selected counter must be 
inhibited_either by controlling the Gate input or by external 
logic that inhibits the clock input. The contents of the counter 
selected will be available as follows: 


first |1/O Read contains the least significant byte (LSB). 
second I/O Read contains the most significant byte (MSB). 


Due to the internal logic of the 8253, it is absolutely necessary 
to complete the entire reading procedure. If two bytes are 
programmed to be read, then two bytes must be read before 
any loading WR command can be sent to the same counter. 
Read Operation Chart 


AQ RD 


[0 [0] 0 | Read Counter Noo —+d 
Po [1] 0 | Read Counter No.1 ———d 
Ta [0 [0 [Read Counter No.2 


Al 





MODE Control Word 
fret] | MOMGoumer of tt 
MODE Control Word 1 1 
Counter 1 
MODE Control Word , 1 
Counter 2 
Count Register Byte 
roa fuse] Sometimes [8 | + | 
Count Register Byte 1 
Counter 1 
Count Register Byte 
nee [ise| Sometimes | 
Count Register Byte 
No.7 [usa] Somgommore [te 
Count Register Byte 
noe {use] Smecumere [2 | 2 | 
Count Register Byte 
Counter 0 


Note: The exclusive addresses of each counter's 
count register make the task of programming 
the 8253 a very simple matter, and maximum 
effective use of the device will result if this 
feature is fully utilized. 
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Reading While Counting 


For the programmer to read the contents of any counter 
without effecting or disturbing the counting operation, the 
8253 has special internal logic that can be accessed using 
simple WR commands to the MODE register. Basically, when 
the programmer wishes to read the contents of a selected 
counter "on the fly,"' he loads the MODE register with a 
special code which latches the present count value into a 
storage register so that its contents contain an accurate, 
stable quantity. The programmer then issues a normal read 
command to the selected counter, and the contents of the 
latched register are available. 


MODE Register for Latching Count 
AO, Al = 11 


D7 D6 D5 D4 D2 D1 


D3 Do 
PscrfsooT o To [x ]x[x|x_| 
SCl,SCO — specify counter to be latched. 


D5,D4 - 00 designates counter latching operation. 
xX - don't care 


The same limitation applies to this mode of reading the 
counter as the previous method. That is, it is mandatory to 
complete the entire read operation as programmed. This 
command has no effect on the counter's mode. 





Clock Interface* 


AF002870 


*If an 8085 clock output is to drive an 8253-5 clock input, it must be reduced to 2MHz or less. 


PROGRAMMING INFORMATION 
General 


The complete functional definition of the 8253 is programmed 
by the system's software. A set of control words must be sent 
out by the CPU to initialize each counter of the 8253 with the 
desired MODE and quantity information. These contro! words 
program the MODE, loading sequence and selection of binary 
or BCD counting. 


Once programmed, the 8253 is ready to perform whatever 
timing tasks it is assigned. 


The actual counting operation of each counter is completely 
independent, and additional logic is provided on-chip so that 
the usual problems associated with efficient monitoring and 
management of external, asynchronous events or rates to the 
microcomputer system have been eliminated. 


Programming the 8253 


All of the MODES for each counter are programmed by the 
system's software by simple I/O operations. 


Each counter of the 8253 is individually programmed by writing 
a control word into the Control Word Register (AO, A1 = 11). 


Control Word Format 
D7 06 D4 D3 D2. Ot 
Com SS TEN OE 


Definition of Control 


SC -Select Counter: 
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RL - Read/Load: 
RL1 RLO 


ee ee Counter Latching operation. 
Fae] oe | Read/Load most significant byte only. 
ree Read/Load least significant byte only. 


Read/Load least significant byte first, 
then most significant byte. 
M - MODE: 


M2 M1 MO 


ro On =| Binary Counter 16-bits 


{ Binary Code Decimal (BCD) Counter (4 
Decades) 


Counter Loading 


The count register is not loaded until the count value is written 
(one or two bytes, depending on the mode selected by the RL 
bits), followed by a rising edge and a falling edge of the clock. 
Any read of the counter prior to that falling clock edge may 
yield invalid data. 





€S28 





8253 


MODE DEFINITION 
MODE 0: Interrupt on Terminal Count 


The output will be initially LOW after the mode set operation. 
After the count is loaded into the selected count register, the 
output will remain LOW and the counter will count. When 
terminal count is reached, the output will go HIGH and remain 
HIGH until the selected count register is reloaded with the 
mode or a new count is loaded. The counter continues to 
decrement after terminal count has been reached. 


Rewriting a counter register during counting results in the 
following: 


1. Write 1st byte stops the current counting. 
2. Write 2nd byte starts the new count. 


MODE 1: Programmable One-Shot 


The output will go LOW on the count following the rising edge 
of the gate input. 


The output will go HIGH on the terminal count. If a new count 
value is loaded while the output is LOW, it will not affect the 
duration of the one-shot pulse until the succeeding trigger. 
The current count can be read at any time without affecting 
the one-shot pulse. 


The one-shot is retriggerable, hence the output will remain 
LOW for the full count after any rising edge of the gate input. 


MODE 2: Rate Generator 


Divide by N counter. The output will be LOW for one period of 
the input clock. The period from one output pulse to the next 
equals the number of input counts in the count register. If the 
count register is reloaded between output pulses, the present 
period will not be affected, but the subsequent period will 
reflect the new value. 


The gate input, when LOW, will force the output HIGH. When 
the gate input goes HIGH, the counter will start from the initial 
count. Thus, the gate input can be used to synchronize the 
counter. 
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When this mode is set, the output will remain HIGH until after 
the count register is loaded. The output then can also be 
synchronized by software. 


MODE 3: Square Wave Rate Generator 


Similar to MODE 2 except that the output will remain HIGH 
until one half the count has been completed (for even 
numbers) and go LOW for the other half of the count. This is 
accomplished by decrementing the counter by two on the 
falling edge of each clock pulse. When the counter reaches 
terminal count, the state of the output is changed and the 
counter is reloaded with the full count and the whole process 
is repeated. 


If the count is odd and the output is HIGH, the first clock pulse 
(after the count is loaded) decrements the count by one. 
Subsequent clock pulses decrement the clock by two. After 
timeout, the output goes LOW and the full count is reloaded. 
The first clock pulse (following the reload) decrements the 
counter by three. Subsequent clock pulses decrement the 
count by two until time-out. Then the whole process is 
repeated. In this way, if the count is odd, the output will be 
HIGH for (N+ 1)/2 counts and LOW for (N—-1)/2 counts. 


MODE 4: Software-Triggered Strobe 


After the mode is set, the output will be HIGH. When the count 
is loaded, the counter will begin counting. On termina! count, 
the output will go LOW for one input clock period, then will go 
HIGH again. 


If the count register is reloaded between output pulses, the 
present period will not be affected, but the subsequent period 
will reflect the new value. The count will be inhibited while the 
gate input is LOW. Reloading the counter register will restart 
counting beginning with the new number. 


MODE 5: Hardware-Triggered Strobe 


The counter will start counting after the rising edge of the 
trigger input and will go LOW for one clock period when the 
terminal count is reached. The counter is retriggerable. The 
output will not go LOW until the full count after the rising edge 
of any trigger. 
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MODE 0. Interrupt on Terminal Count. Gate Pin Operations Summary 


Low Or Going 
Low 
[oper [= | Sis 
1) Initiates counting 
2) Resets output 
after next clock 
2 7 cere Palla 1) Reloads counter Enables 
immediately high 2) Initiates counting counting 
WFO06860 1) Disables counting Enables 
2) Sets output Initiates counting ; 
MODE 1. Programmable One-Shot. immediately high counting 
Enables 
ee SUR, | Aa enien [=| | 


MODE 4. Software-Triggered Strobe. 


OuTPuT (n= 4) l . ene 
TRIGGER J l J 





WFO006900 
MODE 5. Hardware-Triggered Strobe. 


eo FLTLPLOLALLL Le 
WFOO6880 cate FSS 


MODE 3. Square Wave Generator. output ~__* 


(n= 4) 


GATE J l J 


4 3 4 3 2 1 ° 


oureut ee a ee eo 
(n= 4) 


WFO006910 


WFO006890 


8253 Timing Diagrams 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature -65 to +150°C ; ; 
Voltage On Any Pin Commercial (C) Devices 


with Respect to Ground ; i Temperature (TA) 0 to +70°C 
Power Dissipation Supply Voltage (Vcc) 5V + 10% 


Industrial (l) Devices 
Temperature (Ta) 
Supply Voltage (Vcc) 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device Operating ranges define those limits between which the 
reliability. functionality of the device is guaranteed. 


DC CHARACTERISTICS over operating ranges unless otherwise specified. 


a a ee ee ee 
[vic | toput Low votage Sid SSCSC~C~CSCSCS Cd 

a ee oe ee 
[Vor | Output Low Votage +t naam] SCS 
[Vo [Out High Vottage | ton=—a00ua_—-| a_i 
P| put Load Gurent ——S—Ci*d Ceo vd C*dS CdS 
[ost] Output oat Leatage | Vour=Voc to Wf 0 *d A 
a ee 


CAPACITANCE Ta = 25°C; Voc = GND = OV 


Tein. Covactance’ (Nee ANE er pe ee 
VO Capacitance Unmeasured pins returned to Vss ama iret Se ae ae eee 


SWITCHING TEST CIRCUIT 


C, = 150 pF 


1 


70002192 
SWITCHING TEST INPUT WAVEFORM 
0.8 <——— POINTS ——-w. 9.3 


AC Testing: Inputs are driven at 2.4V for a logic "1" and 0.45V for a logic ''0"'. Timing measurements are 
made at 2.2V for a logic ''1"’ and 0.8V for a logic "0". 


WFO006951 





See Section 6 for Thermal Characteristics Information. 


3-328 


SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified. 


400 
25 


Parameters Description 


Read Cycle 


Recovery Time Between READ and Any Other 
Contro! Signal 


Address Stable Before WRITE 


Address Hold Time for WRITE 

WRITE Pulse Width 

Data Set-up Time for WRITE 300 
40 


Data Hold Time for WRITE 


Recovery Time Between WRITE and Any Other 
Control Signal (Note 3) 


lawd 


Nh 


nN 
a 


- 


- 
nO 


= 
oO 


= 
> 


f 


= 
o 


a 
Oo 


| 
Oo 


ao 


[a 


Notes: 1. AC timings measured at Voy = 2.2, VoL = 0.8. 


Write Timing Read Timing 


Ao-1, CS 
A0-1, CS 


DATA BUS 


1 / ZICH IMPEDANCE’,///| VALID [HIGH IMPEDANCE 


WFO006940 
WF006931 
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CLOCK AND GATE TIMING 


Description 


Gate Set-up Time to CLKt 
Gate Hold Time After CLKt 
a CCC 


CLOCK AND GATE TIMING 


COUNT* 


{GS 


tGH 


OD 


tGL t 


tO0G 
WF006921 


*last byte of count being written 
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82C54 


CMOS Programmable Interval Timer 


DISTINCTIVE CHARACTERISTICS 


Compatible with all Intel and most other microproces- 
sors 

High-speed, zero-walt-state operation with 10-MHz 
8086/88 and 80186/188 

Three Independent 16-bit counters 

Handles inputs from DC to 8 MHz 

- 10 MHz for 82C54-2 

~ 12.5 MHz for 82C54-12 


Low-power CMOS 

- Icc¢ = 10 uA commercial standby current Ico 
Completely TTL compatible 

Six programmable counter modes 

Binary or BCD counting 

Status read-back command 

Available in 24-pin DIP and 28-lead PLCC 


GENERAL DESCRIPTION 


The AMD 82C54 is a high-performance, CMOS version of 
the industry-standard 8254 counter/timer which is designed 
to solve the timing-control problems common in microcom- 
puter system design. It provides three independent 16-bit 
Counters — each capable of handling clock inputs up to 
12.5 MHz. All modes are software-programmable. The 
82C54 is pin-compatible with the NMOS 8254 and is a 
superset of the 8253. 


Six programmable-timer modes allow the 82C54 to be used 
as an event counter, elapsed time indicator, programmable 
one-shot, and in many other applications as well. 


The 82C54 is fabricated with AMD's CMOS technology 
providing low-power consumption with performance equal 
to or greater than the equivalent NMOS product. The 
82C54 is available in 24-pin DIPs (plastic and ceramic) and 
28-pin plastic leaded chip carrier (PLCC) packages. 


BLOCK DIAGRAM 


OATA 
BUS 
BUFFER 


word 


AEGISTER | - i 


BDO06111 


Publication # Rev 
07840 B 
Issue Date: April 1987 


Amendment 
/0 
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82C54 


CONNECTION DIAGRAMS 
Top View 


CD009390 
CD009401 


Note: Pin 1 is marked for orientation. 


LOGIC SYMBOL 


COUNTER 
CLOCKS 


-_— 


CLKy CLK, CLK, 


RD / WA = 8 
CONTROL >) DATA BUS 


COUNTER PROGRAMMABLE 
CONTROL OUTPUTS 


LS002340 


Voc = Power Supply 
GND = Ground 
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ORDERING INFORMATION 
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AMD commodity products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: a. Temperature Range 

b. Package Type 

c. Device Number 

d. Speed Option 


82C54 -12 


. SPEED OPTION 

Blank = 8 MHz 

-2=10 MHz 
-12 = 12.5 MHz 


. DEVICE NUMBER/DESCRIPTION 
82C54 
CMOS Programmable Interval Timer 


. PACKAGE TYPE 
P = 24-Pin Plastic DIP (PD 024) 
D = 24-Pin Ceramic DIP (CD 024) 
N = 28-Pin Plastic Leaded Chip Carrier (PL 028) 


. TEMPERATURE RANGE* 
Blank = Commercia! (0 to + 70°C) 


Valid Combinations 


Valid Combinations list configurations planned to be 
Yelle combinavene supported in volume for this device. Consult the local AMD 





sales office to confirm availability of specific valid 

combinations, to check on newly released valid combinations, 

and to obtain additional data on AMD's standard military 
grade products. 





*This device is also available in Military temperature range. 
See MOS Microprocessors and Peripherals Military Handbook 
(order # 09275A/0) for electrical performance character- 
istics. 
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PIN DESCRIPTION 


D7-Do Data Bus Lines (Bidirectional, Three-state) 
Connected to system data bus. 


CLKg Clock 0 (Input) 
Clock input of Counter 0. 


OUTg Out 0 (Output) 
Output of Counter 0. 


GATEg Gate 0 (Input) 
Gate Input of Counter 0. 


CLK; Clock 1 (Input) 
Clock input of Counter 1. 


OUT, Out 1 (Output) 
Output of Counter 1. 


GATE; Gate 1 (Input) 
Gate input of Counter 1. 


CLKg Clock 2 (Input) 
Clock input of Counter 2. 


OUT2 Out 2 (Output) 
Output of Counter 2. 


GATE2 Gate 2 (input) 
Gato input of Counter 2. 


FUNCTIONAL DESCRIPTION 
General 


The 82C54 is a programmable interval counter/timer designed 
for use with AMD microcomputer systems. It is a general- 
purpose, multi-timing element that can be treated as an array 
of I/O ports in the system software. 


The 82C54 solves one of the most common problems in any 
microcomputer system, the generation of accurate time delays 
under software control. Instead of setting up timing loops in 
software, the programmer configures the 82C54 to match his/ 
her requirements and programs one of the counters for the 
desired delay; after which the 82C54 will interrupt the CPU. 
Software overhead is minimal and variable length delays can 
easily be accommodated. 


Some of the other counter/timer functions — common to 
microcomputers — which can be implemented with the 82054 
are: 
@ Real-time clock 

Event counter 

Digital one-shot 

Programmable-rate generator 

Square-wave generator 

Binary-rate multiplier 

Complex-waveform generator 

Complex-motor controller 


Data Bus Buffer 


This three-state, bidirectional 8-bit buffer is used to interface 
the 82C54 to the system bus (see Figure 1). 
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Ai, Ag Addresses (Input) 
Used to select one of the three Counters or the Control 
Word Register for read or write operations. Normally 
connected to the system address bus, 


Ai Ag_ Selects 
0 Counter 0 
1 Counter 1 
0 Counter 2 
1 Control Word Register 


0 
0 
1 
1 


CS Chip Select (Input, Active LOW) 
A LOW on this Input enables the 82C54 to respond to RD 
and WR signals. RD and WR are Ignored otherwise. 


RD Read Control (Input, Active LOW) 
This input is LOW during CPU read operations. 


WR Write Control (Input, Active LOW) 
This input is LOW during CPU write operations. 


Vcc +5-Volt Power Supply 
GND Ground 
NC No Connect 


BUS 
BUFFER 
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Figure 1. Block Diagram Showing Data Bus 
Buffer and Read/Write Logic 
Functions 


Read/Write Logic 


The Read/Write Logic accepts inputs from the system bus 
and generates control signals for the other functional blocks of 
the 82054. A; and Ag select one of the three Counters or the 
Control Word Register to be read from/written into. A LOW on 
the RD input tells the 82C54 that the CPU is reading one of the 
Counters. A LOW on the WR input tells the 82C54 that the 
CPU is writing either a Control Word or an initial count. Both 
RD and WR are qualified by CS; RD and WR are ignored 
unless the 82C54 has been selected by holding CS LOW. 





Control Word Register 


The Control Word Register (see Figure 2) is selected by the 
Read/Write Logic when Ay, Ap = 11. If the CPU then does a 
write operation to the 82C54, the data is stored in the Control 
Word Register and is interpreted as a control word used to 
define the operation of the Counters. 


The Control Word Register can only be written to; status 
information is available with the Read-Back Command. 


OATA 


6us 
BUFFER 


WORD 
AEGISTER 


BD006111 


Figure 2. Block Diagram Showing Control! Word 
and Register Counter Functions 


Counter 0, Counter 1, Counter 2 


These three functional blocks are identical in operation, so 
only a single Counter will be described. The internal block 
diagram of a single Counter is shown in Figure 3. 


The Counters are fully independent; each may operate in a 
different mode. 


The Control Word Register is shown in the figure; it is not part 
of the Counter, but its contents determine how the Counter 
operates. 


CONTROL 


STATUS 
LATCH 


WOR! 
REGISTER 


BD006260 


Figure 3. Internal Block Diagram of a Counter 


The Status Register — shown in Figure 3— when latched, 
contains the current contents of the Control Word Register 
and status of the output and null-count flag (see detailed 
explanation of the Read-Back Command). 


The actual Counter is labeled CE (for ‘Counting Element’’). It 
is a 16-bit, presettable synchronous-down Counter. 


OLy and OL, are two 8-bit latches. OL stands for ''Output 
Latch;'' the subscripts M and L stand for ''Most significant 
byte" and "Least significant byte," respectively. Both are 
normally referred to as one unit and called just OL. These 
latches normally ''follow’’ the CE, but if a suitable Counter- 
Latch Command is sent to the 82C54, the latches "latch" the 
present count until read by the CPU and then return to 
"following" the CE. One latch at a time is enabled by the 
Counter's Control Logic to drive the internal bus. This is how 
the 16-bit Counter communicates over the 8-bit internal bus. 
Note that the CE itself cannot be read; whenever you read the 
count, it is the OL that is being read. 


Similarly, there are two 8-bit registers called CRyy and CR, (for 
“Count Register’). Both are normally referred to as one unit 
and called just CR. When a new count is written to the 
Counter, the count is stored in the CR and later transferred to 
the CE. The Control Logic allows one register at a time to be 
loaded from the internal bus. Both bytes are transferred to the 
CE simultaneously. CRy and CR, are cleared when the 
Counter is programmed. In this way, if the Counter has been 
programmed for one-byte counts either most signficant byte 
only), the other byte will be zero. Note that the CE cannot be 
written into — whenever a count is written, it is written into the 
CR. 


The Control Logic is also shown in the diagram. CLKpn, GATEn, 
and OUTp are all connected to the outside world through the 
Control Logic. 


82C54 System Interface 


The 82C54 is treated by the systems software as an array of 
peripheral !/O ports; three are Counters and the fourth is a 
Control Register for Mode programming (see Figure 4). 


Basically, the select inputs, Ag and Ai, connect to the Ao, Ay 
address-bus signals of the CPU. The CS can be derived 
directly from the address bus using a linear select method. Or 
it can be connected to the output of a decoder, such as an 
AMD 8205, for larger systems. 


ADORESS BUS (16) 


CONTROL BUS 


eae fi 


ed 
1 at 
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Ar Ao CS Do-D7 GH WR 
8254 


COUNTER COUNTER 
1 2 


ee  ) 
OUT GATE CLK OUT GATE CLK 


COUNTER 
to] 


Se 
OUT GATE CLK 


AF004220 


Figure 4. 82054 System Interface 
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Operational Description Programming the 82C54 


General Counters are programmed by writing a Control Word and then 


After power-up, the state of the 82C54 is undefined. The an initial count. The contro!-word format is shown in Figure 5. 


mode, count values, and output of all Counters are undefined. All Control Words are written into the Control Word Register, 
which is selected when Ay, Ag = 11. The Control Word itself 


How each Counter operates is determined when it is pro- specifies which Counter is being programmed. 


grammed. Each Counter must be programmed before it can 

be used. Unused Counters need not be programmed. By contrast, initial counts are written into the Counters, not the 
Control! Word Register. The A; and Ag inputs are used to 
select the Counter to be written into. The format of the initial 
count is determined by the Contro! Word used. 


Control Word Format 
Ai, Ap =11 CS=0 R 


D7 


Dg Ds D4 D3 Do Dy Do 
sco | rw | wo | we | wm | mo | aco 


SC— Select Counter: M — MODE: 


SC1 Sco M2 M1 MO 
| 0 | io oowcomero | | _ oo | oo | oo | tatoo 
Jo | Iooect counters | | no | os etos _ 
a 


(See Read Operations) 
ee ee eee 


RW1 RWO 
pee hate Counter-Latch Command (see Read BCu: 
Operauons): ae Binary Counter 16 bits 
Tre soma ieest sigaiiedit Dye Binary Coded Decimal (BCD) Counter 
a (4 Decades) 
, Read/Write most significant byte 
only. 
1 1 Read/Write least significant byte 
first, then most significant byte. 


NOTE: Don't care bits (X) should be 0 to insure 
compatiblity with future AMD products. 





Figure 5. Control-Word Format 


Write Operations 


The programming procedure for the 82C54 is very flexible. Since the Control Word Register and the three Counters have 
Only two conventions need to be remembered: separate addresses (selected by the Aj, Ag inputs), and each 
Control Word specifies the Counter it applies to (SCO, SC1 
1) For each Counter, the Control Word must be written before bits), no special instruction sequence is required. Any pro- 
the initial count is written. gramming sequence that follows the conventions above is 
acceptable. 
2) The initial count must follow the count format specified in 
the Control Word (least significant byte only, most signifi- A new initial count may be written to a Counter at any time 
cant byte only, or least significant byte and then most without affecting the Counter's programmed mode in any way. 
significant byte). Counting will be affected as described in the Mode Definitions 
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section. The new count must follow the programmed count 
format. 


If a Counter is programmed to read/write two-byte counts, the 
following precaution applies: A program must not transfer 


~~ 
o 


Control Word 
LSB of count 
MSB of count 
Control Word 
LSB of count 
MSB of count 
Control Word 
LSB of count 
MSB of count 


Counter 0 
Counter 0 
Counter 0 
Counter 1 
Counter 1 
Counter 1 
Counter 2 
Counter 2 
Counter 2 


fai oe ae ee err oa eee 


_ 
o 


Control Word 
Counter Word 
Control Word 
LSB of count 
LSB of count 
LSB of count 
MSB of count 
MSB of count 
MSB of count 


Counter 0 
Counter 1 
Counter 2 
Counter 2 
Counter 1 
Counter 0 
Counter 0 
Counter 1 
Counter 2 


onmcoonuoa au PP 


control between writing the first and second byte to another 
routine which also writes into that same Counter. Otherwise, 
the Counter will be loaded with an incorrect count. 


_ 
o 


Control Word 
Contro! Word 
Control Word 
LSB of count 
MSB of count 
LSB of count 
MSB of count 
LSB of count 
MSB of count 


Counter 2 
Counter 1 
Counter 0 
Counter 2 
Counter 2 
Counter 1 
Counter 1 
Counter 0 
Counter 0 


CO0OnA AAA iP 
econ4s40ooau uP 


~— 
o 


Counter 1 
Counter 0 
Counter 1 
Counter 2 
Counter 0 
Counter 1 
Counter 2 
Counter 0 
Counter 2 


Control Word 
Contro! Word 
LSB of count 
Control Word 
LSB of count 
MSB of count 
LSB of count 
MSB of count 
MSB of count 


=aOoOnAco4A0onu iP 
lolol of ach are ae arer 


NOTE: In all four examples, all Counters are programmed to read/write two-byte counts. 
These are only four of many possible programming sequences. 


Figure 6. A Few Possible Programming Sequences 


Read Operations 


It is often desirable to read the value of a Counter without 
disturbing the count in progress — this is easily done in the 
82C54. 


There are three possible methods for reading the Counters: 1) 
a simple read operation, 2) the Counter-Latch Command, or 3) 
the Read-Back Command. 


The first method is to perform a simple read operation. To read 
the Counter, which is selected with the Aj, Ag inputs, the CLK 
input of the selected Counter must be inhibited by using either 
the Gate input or external logic. Otherwise the count may be in 
the process of changing when it is read, giving an undefined 
result. 


Counter-Latch Command 


The second method uses the ''Counter-Latch Command." 
Like a Contro! Word, this command is written to the Control 
Word Register which is selected when Ay, Ao = 11. Also like a 
Control Word, the SCO, SC1 bits select one of the three 
Counters, but two other bits, Ds and D4, distinguish this 
command from a Control Word. 


Ay, Ao = 11; CS=0; RD=1; WR=0 


D7 De Ds D4 D3 D2 Di 
ici et mewee 
SC1, SCO - specify counter to be latched 

Sco Counter 





Ds, D4 - 00 designates Counter-Latch Command 
X - Don't Care 


NOTE: Don't care bits (X) should be 0 to insure 
compatibility with future AMD products. 


Figure 7. Counter-Latching Command Format 
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The selected Counter's ''Output Latch'' (OL) latches the count 
at the time the Counter-Latch Command is received. This 
count is held in the latch until it is read by the CPU (or until the 
Counter is re-programmed). The count is then unlatched 
automatically and the OL return to '‘following'' the Counting 
Element (CE). This allows reading the contents of the Count- 
ers ''on the fly"' without affecting counting in progress. Multiple 
Counter-Latch Commands may be used to latch more than 
one Counter. Each latched Counter's OL holds its count until it 
is read. Counter-Latch Commands do not affect the pro- 
grammed mode of the Counter in any way. 


If a Counter is latched and then, some time later, latched again 
before the count is read, the second Counter-Latch Command 
is ignored. The count read will be the count at the time the first 
Counter-Latch Command was issued. 


With either method, the count must be read according to the 
programmed format; specifically, if the Counter is programmed 
for two-byte counts, two bytes must be read. The two bytes do 
not have to be read one right after the other; read, write, or 
programming operations of other Counters may be inserted 
between them. 


Another feature of the 82C54 is that reads and writes of the 
same Counter may be interleaved; for example, if the Counter 
is programmed for two-byte counts, the following sequence is 
valid: 

1) Read least significant byte, 

2) Write new least significant byte, 

3) Read most significant byte, 

4) Write new most significant byte. 


If a Counter is programmed to read/write two-byte counts, the 
following precaution applies: A program must not transfer 
control between reading the first and second byte to another 
routine which also reads from that same Counter. Otherwise, 
an incorrect count may be read. 


Read-Back_ Command 


The third method uses the Read-Back Command. This com- 
mand allows the user to check the count value, programmed 
mode, and current state of the Out pin and Null-Count Flag of 
the selected Counter(s). 


The command is written into the Control Word Register and 
has the format shown in Figure 8. The command applies to the 
Counters selected by setting their corresponding bits D3, Do, 
Dy =1. 


Ao, Ay= 11 CS=0 RD=1 WR=0 


D7 Dg’ Ds D1 


a COUNT] STATUS} CNT 2] CNT 1| CNT 0 Zz 


5: 0 =Latch count of selected counter(s) 

: O=Latch status of selected counter(s) 

: 1=Select Counter 2 

: 1=Select Counter 1 

: 1 = Select Counter 0 

: Reserved for future expansion; must be 0 


Figure 8. Read-Back Command Format 


The Read-Back Command may be used to latch multiple 
Counter Output Latches (OL) by setting the Count bit D5 = 0 
and selecting the desired Counter(s). This single command is 
functionally equivalent to several Counter-Latch Commands, 
one for each Counter latched. Each Counter's latched count is 
held until it is read (or the Counter is reprogrammed). That 


Counter is automatically unlatched when read, but other 
Counters remain latched until they are read. If multiple-count 
Read-Back Commands are issued to the same Counter 
without reading the count, all but the first are ignored. In other 
words, the count which will be read is the count at the time the 
first Read-Back Command was issued. 


The Read-Back Command may also be used to latch status 
information of selected Counter(s) by setting Status bit Dg = 0. 
Status must be latched to be read; status of a Counter is 
accessed by a read from that Counter. 


The Counter status format is shown in Figure 9. Bits Ds 
through Dg contain the Counter's programmed mode exactly 
as written in the last mode Control Word. Output bit D7 
contains the current state of the Out pin. This allows the user 
to monitor the Counter's output via software, possibly eliminat- 
ing some hardware from a system. 


Dg Ds Dg D3 D2 Dy Do 


NULL 


D7 1= Out Pin is 1 
0 = Out Pin is 0 
De 1 =Null count 
0 =Count available for reading 
- Dp = Counter Programmed Mode (See Figure 5) 


Figure 9. Status Byte 


Null-Count bit Dg indicates when the last count written to the 
Counter Register (CR) has been loaded into the Counting 
Element (CE). The exact time this happens depends on the 
mode of the Counter and is described in the Mode Definitions 
section, but until the count is loaded into the CE, it cannot be 
read from the Counter. If the count is latched or read before 
this time, the count value will not reflect the new count just 
written. The operation of Null Count is shown in Figure 10. 


THIS ACTION: 

A. Write to the Control 
Word Register:[1] 

B. Write to the Count 
Register (CR);[2] 

C. New count is loaded 
into CE (CR —> CE); 


CAUSES: 


Null count = 1 


Null count = 1 


Null count = 0 


[1] Only the Counter specified by the Control Word will have 


its null count set to 1. Null count bits of other counters are 
unaffected. 


[2] !f the Counter is programmed for two-byte counts (least 


significant byte then most significant byte) null count goes 
to 1 when the second byte is written. 


Figure 10. Nul! Count Operation 


If multiple Status-Latch operations of the Counter(s) are 
performed without reading the status, all but the first are 
ignored. In other words, the status that will be read is the 
status of the Counter at the time the first Status Read-Back 
Command was issued. 


Both count and status of the selected Counter(s) may be 
latched simultaneously by setting both Count and Status bits 
Ds, D4=0. This is functionally the same as issuing two 
separate Read-Back Commands at once, and the above 





discussions apply here also. Specifically, if multiple count and/ 
or status Read-Back Commands are issued to the same 
Counters) without any intervening reads, all but the first are 
ignored. This is illustrated in Figure 11. 


Command 
D7 Dg Ds D4 Dg Do Dy Do 


Description 


If both count and status of a Counter are latched, the first read 
operation of that Counter will return latched status, regardless 
of which was latched first. The next one or two reads 
(depending on whether the Counter is programmed for one or 
two type counts) return latched count. Subsequent reads 
return unlatched count. 


Results 


1 Read-back count and status of Count and status latched for 
Counter 0 Counter 0 


TTT [eT] o |e [Reacback save of Counter + | Stave latched fr Counter 1 


1 .O | Read-back status of Counters 2, 1 Status latched for Counter 2, 
but not Counter 1 


PETA [OTs To [0 [o [Readback count of Courier 2 [Count latched for Counter @ | 


1 Read-back count and status of Count latched for Counter 1, 
Counter 1 but not status 





1/1 1 Read-back status of Counter 1 Command ignored, status 
already latched for Counter 1 


Figure 11. Read-Back Command Example 


es[RO[WA[A[™o [SSS 
ro [+ [0 [0 | 0 | wits wo Counero 
Fo [4 [of 0 + | wite eto Couner + 
Po fs [ops | 0 [wre iio coumere 
Pops Pop] + [wrt Conret wort 


Po fof] | © | read tom Counero 
Po fo [+ [0] 1 [esa tom Counters 
Poe f a] +] 0 | Resa tom Comore 
Po [ofa [+] 1 | Nocperaton @-State) 
Tr [Px] [Noreen @-State) 
Po [+ [1 [Lx [Neperaton ett) 


Figure 12. Read/Write Operations Summary 


Mode Definitions 


The following are defined for use in describing the operation of 
the 82C54: 


CLK Pulse =a rising edge, then a falling edge —in that 
order — of a Counter's CLK input. 


Trigger = a rising edge of a Counter's GATE input. 


Counter Loading = the transfer of a count from the CR to 
the CE (refer to the Functional Description section). 
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Mode 0: Interrupt on Terminal Count 


Mode 0 is typically used for event counting. After the Control 
Word is written, Out is initially LOW and will remain LOW until 
the Counter reaches zero. Out then goes HIGH and remains 
HIGH until a new count or a new Mode 0 Control Word is 
written into the Counter. 


Gate = 1 enables counting; Gate = 0 disables counting. Gate 
has no effect on Out. 


After the Control Word and initial count are written to a 
Counter, the initial count will be loaded on the next CLK pulse. 
This CLK pulse does not decrement the count, so for an initial 
count of N, Out does not go HIGH until N + 1 CLK pulses after 
the initial count is written. 


If a new count is written to the Counter, it will be loaded on the 
next CLK pulse and counting will continue from the new count. 
lf a two-byte count is written, the following happens: 


1) Writing the first byte disables counting. Out is set LOW 
immediately (no CLK pulse required). 


2) Writing the second byte allows the new count to be 
loaded on the next CLK pulse. This allows the counting 
sequence to be synchronized by software. Again, Out 
does not go HIGH until N + 1 CLK pulses after the new 
count of N is written. 


If an initial count is written while Gate = 0, it will still be loaded 
on the next CLK pulse. When Gate goes HIGH, Out will go 
HIGH N CLK pulses later; no CLK pulse is needed to load the 
Counter, as this has already been done. 
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Figure 13. Mode 0 


: The following conventions apply to all Mode-Timing Diagrams: 


. Counters are being programmed for binary (not BCD) counting and for reading/writing least significant byte (LSB) only. 

. The Counter is always selected (CS always LOW). 

. CW stands for ''Control Word;'' CW = 10 means a control word of 10, hex, is written to the Counter. 

. LSB stands for "Least Significant Byte'' of count. 

. Numbers below diagrams are count values. The lower number is the LSB; the upper number is the MSB. Since the Counter is 
programmed to read/write LSB only, the MSB cannot be read. ''N'" stands for an undefined count; vertical lines show 
transitions between count values. 


Mode 1: Hardware Retriggerable One-Shot 


Out wiil be initially HIGH. Out will go LOW on the CLK pulse shot pulse can be repeated without rewriting the same count 
following a trigger to begin the one-shot pulse, and will remain into the Counter. Gate has no effect on Out. 
LOW until the Counter reaches zero. Out will then go HIGH 


and remain HIGH until the CLK pulse after the next trigger. If a new count is written to the Counter during a one-shot 
pulse, the current one-shot is not affected unless the Counter 


is retriggered. In that case, the Counter is loaded with the new 
count and the one-shot pulse continues until the new count 
expires. 


After writing the Control! Word and initial count, the Counter is 

armed. A trigger results in loading the Counter and setting Out 

LOW on the next CLK pulse, thus starting the one-shot pulse. 

An initial count of N will result in a one-shot pulse N CLK Mode 2: Rate Generator 

cycles in duration. The one-shot is retriggerable, hence, Out ie ag et ea 

will remain LOW for N CLK pulses after any trigger. The one- This mode functions like a divide-by-N Counter. It is typically 
used to generate a real-time clock interrupt. Out will initially be 
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HIGH. When the initial count has decremented to 1, Out goes 
LOW for one CLK pulse. Out then goes HIGH again, the 
Counter reloads the initial count and the process is repeated 
indefinitely. For an initial count of N, the sequence repeats 
every N CLK cycles. 


Gate =1 enables counting; Gate=0 disables counting. If 
Gate goes LOW during an output pulse, Out is set HIGH 
immediately. A trigger reloads the Counter with the initial count 
on the next CLK pulse; Out goes LOW N CLK pulses after the 
trigger. Thus, the Gate input can be used to synchronize the 
Counter. 


After writing a Control Word and initial count, the Counter will 
be loaded on the next CLK pulse. Out goes LOW N CLK 
pulses after the initial count is written. This allows the Counter 
to be synchronized by software also. 


Writing a new count while counting does not affect the current 
counting sequence. If a trigger is received after writing a new 
count, but before the end of the current period, the Counter 
will be loaded with the new count on the next CLK pulse and 
counting will continue from the new count. Otherwise, the new 
count will be loaded at the end of the current counting cycle. In 
Mode 2, a count of 1 is illegal. 
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Figure 14. Mode 1 
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NOTE: A Gate transition should not occur 
one clock prior to terminal count. 


Figure 15. Mode 2 


Mode 3: Square-Wave Mode 


Mode 3 is typically used for baud-rate generation. Mode 3 is 
similar to Mode 2 except for the duty cycle of Out. Out will 
initially be HIGH. When half the initial count has expired, Out 
goes LOW for the remainder of the count. Mode 3 is periodic; 
the sequence above is repeated indefinitely. An initial count of 
N results in a square wave with a period of N CLK cycles. 


Gate =1 enables counting; Gate=0 disables counting. If 
Gate goes LOW while Out is LOW, Out is set HIGH immediate- 
ly; no CLK pulse is required. A trigger reloads the Counter with 
the initial count on the next CLK pulse. Thus, the Gate input 
can be used to synchronize the Counter. 


After writing a Control Word and initial count, the Counter will 
be loaded on the next CLK pulse. This allows the Counter to 
be synchronized by software also. 


Writing a new count while counting does not affect the current 
counting sequence. If a trigger is received after writing a new 
count, but before the end of the current half-cycle of the 
square wave, the Counter will be loaded with the new count on 
the next CLK pulse and counting will continue from the new 
count. Otherwise, the new count will be loaded at the end of 
the current half-cycle. 
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Mode 3 Is Implemented as follows: 


Even counts: Out is initially HIGH. The initial count is loaded 
on one CLK pulse and then is decremented by two on 
succeeding CLK pulses. When the count expires, Out changes 
value and the Counter Is reloaded with the Initial count. The 
above process Is repeated indefinitely. 


Odd counts: Out Is Initially HIGH. The Initial count minus one 
(an even number) Is loaded on one CLK pulse and then is 
decremented by two on succeeding CLK pulses. One CLK 
pulse after the count expires, Out goes LOW and the Counter 
is reloaded with the initial count minus one. Succeeding CLK 
pulses decrement the count by two. When the count expires, 
Out goes HIGH agaln and the Counter is reloaded with the 
Initial count minus one. The above process Is repeated 
Indefinitely. For odd counts, Out will be HIGH for (N + 1)/2 
counts and LOW for (N-1)/2 counts. 
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NOTE: A Gate transition should not occur 
one clock prior to terminal count. 


Figure 16. Mode 3 


Mode_4: Software-Triggered Strobe 


Out will be initially HIGH. When the initial count expires, Out 
will go LOW for one CLK pulse and then go HIGH again. The 
counting sequence is ‘triggered’ by writing the initial count. 


Gate = 1 enables counting; Gate = 0 disables counting. Gate 
has no effect on Out. 


After writing a Control Word and initial count, the Counter will 
be loaded on the next CLK pulse. This CLK pulse does not 
decrement the count, so for an initial count of N, Out does not 
strobe LOW until N+ 1 CLK pulses after the initial count is 
written. 


if a new count Is written during counting, it will be loaded on 
the next CLK pulse and counting will continue from the new 
count. If a two-byte count is written, the following happens: 


1) Writing the first byte has no effect on counting, 


2) Writing the second byte allows the new count to be 
loaded on the next CLK pulse. 


This allows the sequence to be "retriggered"' by software. Out 
strobes LOW N+1 CLK pulses after the new count of N Is 
written. 
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Figure 17. Mode 4 


Mode 5: Hardware-Triqgered Strobe (Retriqgerable 


Out will initially be HIGH. Counting is triggered by a rising edge 
of Gate. When the initial count has expired, Out will go LOW 
for one CLK pulse and then go HIGH again. 


After writing the Control Word and initial count, the Counter 
will not be loaded until the CLK pulse after a trigger. This CLK 
pulse does not decrement the count, so for an initial count of 
N, Out does not strobe LOW until N+ 1 CLK pulses after a 
trigger. 


A trigger results in the Counter being loaded with the initial 
count on the next CLK pulse. The counting sequence is 
retriggerable. Out will not strobe LOW for N + 1 CLK pulses 
after any trigger. Gate has no effect on Out. 
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If a new count is written during counting, the current counting 
sequence will not be affected. If a trigger occurs after the new 
count is written, but before the current count expires, the 
Counter will be loaded with the new count on the next CLK 
pulse and counting will continue from there. 
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Figure 18. Mode 5 
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Or Going 


Disables 
counting 
1) Initiates 
counting 
2) Resets output 
after next 
clock 


1) Disables 
counting 

2) Sets output 
immediately 


Enables 
counting 


Initiates 
counting 


Enables 
counting 


Figure 19. Gate-Pin Operations Summary 


Initiates 
counting 


NOTE: 0 is equivalent to 21° for binary 
counting and 104 for BCD counting 


Figure 20. Minimum and Maximum Initial 
Counts 


Operation Common to All Modes 


Programming 


When a Control Word is written to a Counter, all Control Logic 
is immediately reset and Out goes to a known initial state; no 
CLK pulses are required for this. 


GATE 


The GATE input is always sampled on the rising edge of CLK. 
In Modes 0, 2, 3, and 4, the GATE input is level-sensitive, and 
the logic level is sampled on the rising edge of CLK. In Modes 
1, 2, 3, and 5, the GATE input is rising-edge sensitive. In these 
modes, a rising edge of GATE (trigger) sets an edge-sensitive 
flip-flop to the Counter. This flip-flop is then sampled on the 
next rising edge of CLK; the flip-flop is reset immediately after 
it is sampled. In this way, a trigger will be detected no matter 
when it occurs —a HIGH logic level does not have to be 
maintained until the next rising edge of CLK. Note that in 
Modes 2 and 3, the GATE input is both edge- and level- 
sensitive. In Modes 2 and 3, if a CLK source other than the 
system clock is used, GATE should be pulsed immediately 
following WR of a new count value. 


Counter 


New counts are loaded and Counters are decremented on the 
falling edge of CLK. 


The largest possible initial count is 0; this is equivalent to 216 
for binary counting and 104 for BCD counting. 


The Counter does not stop when it reaches zero. In Modes 0, 
1, 4, and 5, the Counter "wraps around" to the highest 
count — either FFFF hex for binary counting or 9999 for BCD 
counting — and continues counting. Modes 2 and 3 are 
periodic; the Counter reloads itself with the initial count and 
continues counting from there. 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature -65 to +150°C 


OPERATING RANGES 


Commercial (C) Devices 


Voltage on Any Pin 


Temperature (Ta) 


0 to +70°C 


+45 to +5.5 V 


with Respect to GND Supply Voltage (Vcc) 


Power Dissipation 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


Operating ranges define those limits between which the 
functionality of the device is guaranteed. 


DC CHARACTERISTICS over operating range unless otherwise specified 


A 
Symbol Description Test Conditions 

Pvn | mp tow votage | SSSS*C~C~‘“*~*r ces =| «Ms =| | CC 
Pin | put HIGH Votags | —SSSSSCSC~*~‘“‘~*~*~*~dC cos VCO] VY 
Icc 


Output Float Leakage = 
CLK Freq = 40 MHz 


IccsB feo | | ow fm 
IccsB1 


Sof ls 
CAPACITANCE (Ta = 25°C, Voc = GND = 0 V) 


Parameter Parameter 
Symbol Description Test Conditions 


+10 
+10 

20 
Operating Power-Supply 
Current 


ee 
al 
fd 
ee 
7 


CLK Freq = DC, 

CS = HIGH, 

All Inputs/Data Bus HIGH, 
All Outputs Floating 


CLK Freq = DC, 
CS = HIGH, 
All Other Inputs, Outputs, 


Standby Power-Supply 
Current 


Voc Standby Power-Supply 
Current 


\/O Plus Floating 





See Section 6 for Thermal Characteristics Information. 
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SWITCHING TEST CIRCUIT 


OEVICE 
UNDER 
TEST 


TC003430 
CL = 150 pF 
C. includes jig capacitance 


SWITCHING TEST WAVEFORM 
INPUT/OUTPUT 


| >> rest roints <7 


2.0 


0.8 
0.45 
WF021040 


A.C. Testing: Inputs are driven at 2.4 V for a logic ''1"' and 0.45 V for a logic ''0." 
Timing measurements are made at 2.0 V for a logic '1"' and 0.8 V for a logic "'0."' 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 


Parameter 
Symbol Parameter Description jin. | max. | min. | max. | min. | Max. | 


Read Cycle 


P| tn | Adaross Stato Bote FOTO Cid 
p2 | ter | CS stable seroROT Sif | 
3 | tea __| Aatess Hold Tine ater AST fo | 
P| tr | RB Puso wan | Cevcos [180 | 
Ps | tro | Bata Dotay tom ABT | CDevcos | | 120 | 
pe | wo | Data Belay tom Adsross | «deo | if tes | 180 
(7 |r [FO To data Fioaing Sis | | 8 | | 5 | 88 | os | 
[8 [tay | Command Recovery Time | 200] | ws] | 5 | | re 
Pe | tw | Address Sane BotorowAY [oi] 7° ] [o] | | 
Pio | tw | CS Sebieseorowa | o | |o| [o| |e | 
P| wa | Adsress Hold Time aterwa tT | o | | o| | o| | -s | 
2 | ww | Wa Puse wan Sif wo || os || | os 
ras [ tow | Data Setup Time Beto WAT | wo] | os | | 00 | | rs _| 
P| wo | Data Hold Tine AterWA tT —+| o | | o | 
Clock and Gate Cycle 

tou [Gok Pood —S=SCSCS*~*~‘“~*~drtC*HCYCOS | YOO] CO | | OO] mw | 
pa7__| town | HIGH Puse wiam Woes) | CDevos| eo | | so | | 2 | | ms _| 
Pie | ton | LOw Pose wan Woes) | oo | TO] | | 
re [tm | Gok riseting TP | | | 
po |e | Goxrartime SiS | | 
ra [tw | Getowannion SS«dT || oo || wo || | 

Pte | Gatewawtow SSS || oO] | 

tes | Gate Setup Timea T 
| tc I 
| top 



















re 

Em so | 
pe Gate Hold Tine Ater CLK TiWowe | 50 | 
ras ouput Deay fem ux Tid 
[2s | too | ouput day tom Gate bid 
=" 
as =e 
Pa al 
a 









taL 
tGH 
CLK Delay for Loading 

Gate Delay for Sampling 

Out Delay from Mode Write 

CLK Set Up for Count Latch 


Notes: 1. Timings measured at Voy = 2.0 V, VoL =0.8 V. 

2. In Mode 1 and 5, triggers are sampled on each rising clock edge. A second trigger within 120 ns (70 ns for 
the 82C54-2) of the rising clock edge may not be detected. 

3. LOW-going glitches that violate tpwH, tpwL_ may cause errors requiring Counter re-programming. 
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SWITCHING WAVEFORMS 


s tor 
oATA BUS m= (mo) 


WF021051 


Read Cycle 


;ti“‘Cé;CCOS 
————— hy ——H!l twa |e 
me ee 


tow ———> |<— two —a 


WF021061 


Write Cycle 
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SWITCHING WAVEFORMS (Cont'd.) 


<a———— tay 


WF021070 


Recovery Cycle 


GATE 


OUTPUT O 


WF021080 


*Last byte of count being written 
Clock and Gate Cycle 
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8255A 


Programmable Peripheral Interface 
iAPX86 Family 


DISTINCTIVE CHARACTERISTICS 


@ Direct bit set/reset capability easing control application 
interface 

@ Reduces system package count 

@ Improved DC driving capability 


@ 24 programmable |/O pins 

@ Completely TTL compatible 

@ Fully compatible with the iAPX86 microprocessor family 
@ Improved timing characteristics 


GENERAL DESCRIPTION 


The 8255A is a general purpose programmable 1/O device 
designed for use with iAPX Family microprocessors. It has 
24 I/O pins which may be individually programmed in two 
groups of twelve and used in three major modes of 
operation. In the first mode, each group of twelve I/O pins 
may be programmed in sets of 4 and 8 to be input or output. 
In Mode 1, the second mode, each group may be pro- 


BLOCK 


——— +5 


POWER 
SUPPLIES 


——~e- GND 


B-DIRECTIONAL B 
ECTIONAL BUS DATA 


BUS 
BUFFER 


grammed to have 8 lines of input or output. Of the 
remaining four pins, three are used for handshaking and 
interrupt control signals. The third mode of operation (Mode 
2) is a bidirectional bus mode which uses eight lines for a 
bidirectional bus, and five lines, borrowing one from the 
other group, for handshaking. 


DIAGRAM 


&-BIT 
INTERNAL 
DATA BUS 


BD003600 


Figure 1 


Publication # Rev. Amendment 
04122 B 
Issue Date: May 1987 





vsses 





8255A 


CONNECTION DIAGRAMS 
Top View 


s=~ WOON DOS WH = 


o 


CD010660 


cp005402 
Figure 2.1 Figure 2.2 


Note: Pin 1 is marked for orientation. 
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ORDERING INFORMATION 


© 
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Commodity Products 


AMD commodity products are available in several packages and operating ranges. The order number (Valid Combination) is formed 
by a combination of: a. Temperature Range 

b. Package Type 

c. Device Number 

d. Speed Option 

e. Optional Processing 


8255A 


. OPTIONAL PROCESSING 
Blank = Standard Processing 
B = Burn-in 


. SPEED OPTION 
Blank = 2.5 MHz 
~5=3.3 MHz 


. DEVICE NUMBER/DESCRIPTION 
8255A 
Programmable Peripheral Interface 


. PACKAGE TYPE 
P = 40-Pin Plastic DIP (PD 040) 
D = 40-Pin Ceramic DIP (CD 040) 
N = 44-Pin Plastic Leaded Chip Carrier (PL 044) 


. TEMPERATURE RANGE* 
Blank = Commercial (0 to + 70°C) 
| = Industrial (-40 to +85°C) 





pon je Valid Combinations list configurations planned to be 
8255A-5 supported in volume for this device. Consult the local AMD 

sales office to confirm availability of specific valid 
pm eR ___ | 8255A-5B CS combinations, to check on newly released valid combinations, 
and to obtain additional data on AMD's standard military 
grade products. 





*This device is also available in Military temperature range. 
See MOS Microprocessors and Peripherals Handbook (Order 
#09275A/0) for electrical performance characteristics. 
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8255A 











PIN DESCRIPTION 




































37-40, 1-4 
25-18 


10-13, 
17-14 


PC7 - PCo 


*Pin numbers correspond to DIPs only. 


DETAILED DESCRIPTION 


General 


The 8255A is a programmable peripheral interface (PPI) 
device designed for use in microcomputer systems. Its func- 


Cc 


R 
A 
PB7 — PBo 
C 
D 






peripheral equipment to the microcomputer system bus. The 
functional configuration of the 8255A is programmed by the 
system software so that normally no external logic is neces- 
sary to interface peripheral devices or structures. 


Data Bus Buffer 


This 3-state bidirectional 8-bit buffer is used to interface the 
8255A to the system data bus. Data is transmitted or received 
by the buffer upon execution of input or output instructions by 
the CPU. Control words and status information are also 
transferred through the data bus buffer. 


Read/Write and Control Logic 


The function of this block is to manage all of the internal and 
external transfers of both Data and Control or Status words. It 
accepts inputs from the CPU Address and Control busses and, 
in turn, issues commands to both of the Control Groups. 


(CS) 


Chip Select. A "low" on this input pin enables the communi- 
cation between the 8255A and the CPU. 


(RD) 
Read. A "low" on this input pin enables the 8255A to send the 


data or status information to the CPU on the data bus. In 
essence, it allows the CPU to "read from" the 8255A. 


Por A (i 


tion is that of a general purpose |/O component to interface _ 


Port B (Bit). 


+5 Volts. 
0 Volts. 


(WR) 
Write. A "low'' on this input pin enables the CPU to write data 
or control words into the 8255A. 


(Ap and A4) 


Port Select 0 and Port Select 1. These input signals, in 
conjunction with the RD and WR inputs, control the selection 
of one of the three ports or the control word registers. They 
are normally connected to the least significant bits of the 
address bus (Ap and Aj). 


8255A BASIC OPERATION 


INPUT OPERATION 
(READ) 


Pe fo | eo) [© | Porr a= pata Bus 
Po [+ [os [0 | Porre= para Bus 
Cafe |e [+ |e roar 6 bara Bus 


tt LL [eres OPereron | 
(WRITE) 

Pe [o [+ | fo [pata Bus = PORT A 
Po [+ [+e [oe | para ous ponte 
Pf [+ [eo [0 ata aus = PORT C— 
P(e] 0 | oata Bus = contaot 
TT Poisat roncrion 
Ce fe [ + fo Sittesa: conomon 
pce [4 14 To Toate aus = 0 stave 
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POWER 
SUPPLIES 


Bi-OIRECTIONAL CATA BUS 


07-09 <—___» 


cs 










GROUP 
a 70 
me ae 
(8) 
GROUP 
A 0 
=a PORT C Cia PC7-PCa 
UPPER 
(4) 
8-8IT 
INTERNAL 
OATA BUS VO 
PC3-PCO 
vo 
PB7-PBo 
BD005040 


Figure 3. 8255A Block Diagram Showing Data Bus Buffer and Read/Write Control 
Logic Functions 


(RESET) 


Reset. A "high" on this input clears the control register and all 
ports (A, B, C) are set to the input mode. 


Group A and Group B Controls 


The functional configuration of each port is programmed by 
the systems software. In essence, the CPU "outputs" a 
control word to the 8255A. The control word contains informa- 
tion such as "mode", ''bit set'’, bit reset'’, etc., that initializes 
the functional configuration of the 8255A. 


Each of the Control blocks (Group A and Group B) accepts 


"commands" from the Read/Write Control Logic, receives 
“control words'' from the internal data bus and issues the 
proper commands to its associated ports. 


Control Group A-Port A and Port C upper (C7 -C4) 
Control! Group B-Port B and Port C lower (C3 -C0) 


The Control Word Register can Only be written into. No Read 
operation of the Control Word Register is allowed. 
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Ports A, B, and C 


The 8255A contains three 8-bit ports (A, B, and C). All can be 
configured in a wide variety of functional characteristics by the 
system software but each has its own special features or 
"'personality'' to further enhance the power and flexibility of 
the 8255A. 


Port A. One 8-bit data output latch/buffer and one 8-bit data 
input latch. 


Port B. One 8-bit data input/output latch/buffer and one 8-bit 
data input buffer. 


Port C. One 8-bit data output latch/buffer and one 8-bit data 
input buffer (no tatch for input). This port can be divided into 
two 4-bit ports under the mode control. Each 4-bit port 
contains a 4-bit latch and it can be used for the control signal 
outputs and status signal inputs in conjunction with ports A 
and B. 
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07-09 € 


Co ig 
PA7-PAQ 


Cy pte 
PC7-PCe 


a 
PC3-PCO 


BD005040 


Figure 4. 8225A Block Diagram Showing Group A and Group B Control Functions 


PROGRAMMING INFORMATION 


Mode Selection 


There are three basic modes of operation that can be selected 
by the system software: 


Mode 0- Basic Input/Output 
Mode 1-—Strobed Input/Output 
Mode 2-Bi-Directional Bus 


When the reset input goes "high" all ports will be set to the 
input mode (i.e., all 24 lines will be in the high impedance 
state). After the reset is removed the 8255A can remain in the 
input mode with no additional initialization required. During the 
execution of the system program any of the other modes may 
be selected using a single output instruction. This allows a 
single 8255A to service a variety of peripheral devices with a 
simple software maintenance routine. 


The modes for Port A and Port B can be separately defined, 
while Port C is divided into two portions as required by the Port 
A and Port B definitions. All of the output registers, including 
the status flip-flops, will be reset whenever the mode is 
changed. Modes may be combined so that their functional 
definition can be "tailored'’ to almost any !/O structure. For 
instance, Group B can be programmed in Mode 0 to monitor 
simple switch closings or display computational results, and 
Group A could be programmed in Mode 1 to monitor a 
keyboard or tape reader on an interrupt-driven basis. 
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ADDRESS 8US 
CONTROL BUS 


DATA BUS 


PB, CONTROL CONTROL PA,-?P. 
re avo OR 1/0 rh 


A 


Fi bes = PAL-P 
ey, US CONTROL see 


AF003430 


Figure 5. Basic Mode Definitions 
and Bus Interface 





CONTROL WORD 


BRSSSEhS 
ae 


GROUP B 


PORT C (LOWER). 
1 = INPUT 
= OUTPUT 


POAT B 
1 = INPUT 
0= OUTPUT 


MODE SELECTION 
0=MODEO 
1= MODE 4 


GROUP A 


PORT C (UPPER) 
1= INPUT 
O= OUTPUT 


PORTA 
1= INPUT 
O= OUTPUT 


MODE SELECTION 
00 = MODE 0 
01 = MODE 1 
1X = MODE 2 


MODE SET FLAG 
1= ACTIVE 


DF004100 


Figure 6. Mode Definition Format 


The mode definitions and possible mode combinations may 
seem confusing at first, but after a cursory review of the 
complete device operation, a simple, logical |/O approach will 
surface. The design of the 8255A has taken into account 
things, such as efficient PC board layout, control signal 
definition vs PC layout and complete functional flexibility to 
support almost any peripheral device with no external logic. 
Such design represents the maximum use of the available 
pins. 


Single Bit Set/Reset Feature 


Any of the eight bits of Port C can be Set or Reset using a 
single OUTput instruction. This feature reduces software 
requirements in Control-based applications. 
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CONTROL WORD 


BIT SET/RESET 
1°SET 


0» RESET 


BIT SELECT 


BIT SET/RESET FLAG 
O= ACTIVE 


DF004110 


. Figure 7. Bit Set/Reset Format 


When Port C is being used as status/control for Port A or B, 
these bits can be set or reset by using the Bit Set/Reset 
operation just as if they were data output ports. 


Interrupt Control Functions 


When the 8255A is programmed to operate in Mode 1 or 
Mode 2, contro! signals are provided that can be used as 
interrupt request inputs to the CPU. The interrupt request 
signals, generated from Port C, can be inhibited or enabled by 
setting or resetting the associated INTE flip-flop, using the bit 
set/reset function of Port C. 


This function allows the Programmer to disallow or allow a 
specific |/O device to interrupt the CPU without affecting any 
other device in the interrupt structure.’ 


INTE flip-flop definition: 
(BIT-SET) -INTE is SET — Interrupt enable 
(BIT-RESET) —- INTE is RESET — Interrupt disable 


Note: All Mask flip-flops are automatically reset during mode 
selection and device Reset. 


Operating Modes 


MODE 0 (Basic Input/Output). This functional configuration 
provides simple input and output operations for each of the 
three ports. No "handshaking" is required, data is simply 
written to or read from a specified port. 


Mode 0 Basic Functional Definitions: 
@ Two 8-bit ports and two 4-bit ports. 
Any port can be input or output. 
Outputs are latched. 
Inputs are not latched. 
16 different Input/Output configurations are possible in this 
Mode. 
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8255A 


0,0) —— ——_  —— — — —— —— —— 


WF008950 


Mode 0 (Basic Input) 


0)-Dy 
C5, A1, A0 


OuTPUT 


WF008960 


Mode 0 (Basic Output) 


MODE a foo Definition 


GROUP A GROUP B 


ie esc er 

(—o_|o[eareor—[oureur_ [0 [ oureur_[ ovreur_ 
SE a BG Sa ee 
[oe fe [+ [0 [oureur | oureur [2 [eur ‘| oureur 
[oe fe [+ | + | ourrur[ovreur [a weur | ru 
pmo fo fo [oP oureur neo | outer | oureur 
pe [es _| ourerr—[weot[s oureur eur 
oo ourerr [nerfs neo ore 
OO 0 
pa fe [ee | weur | oureur |e oureur four 
Peo eur oureur [outro [eur 
Pao eur oureur [a0 eur our 
SO 0 
OO OO 
Se OS 
SR OO 
SS OS 
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MODE 0 Configurations 


CONTROL WORD =0 


De 0, 0, 0; Dz D9, Dy 


CONTROL WORD #1 
D, Oy Os Db, Dy 0, D, D% 


CONTROL WORD #4 
D, Og O; 2% Do 


D,; 0, 0D, 


CONTROL WORD #5 
D, 0, Dy & D1, D, 0, 


CONTROL WORD =2 
O, Dg Ds O% O05 Do 


0, D0, 


PC) PC, 


PCPCy 
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PA,-PAy 


PC,-PC, 


PC3-PCy 


8 
PB,-PB, j-—_—_/-——- PB, PB, 


LS001460 


CONTROL WORD #3 


D, De 0s & Dy Do 


db, 0, 


LS001480 


CONTROL WORD =8 
D, Dg Ds Dy D0, DB, Dy DO, 


PCP 


PB, -PBy 


LS001500 


CONTROL WORD #9 
0, OF 0 DB 0; 0, OD, 


LS001520 
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LS001470 


LS001490 





PC, PC, 


PC3 PCy 


PB, PB, 


LS001510 


LS001530 


8255A 


CONTROL WORD =6 


Oy Og De % 0; DB, D, Dy 


CONTROL WORD #7 
0, Og 0, D, Dy, 0, 0, Dy 


CONTROL WORD =12 
D, 0g 0 DO, 0; 0, D1, DB 


CONTROL WORD #13 
0, O, Ds O& OD; D5 


do, 0, 


PA;-PAy 


PC, PC, 


PCy PCy 


PB,-PB, 


LS001540 


PA,-PA, 


PC,-PC, 


PC, -PC, 


PB, PB, 


LS001560 


PB, PB, 


LS001580 


PA,-PA, 


PC,-PC, 


PC,-PC, 


PB,-PB, 


LS001600 
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CONTROL WORD =10 
BD, Dg Og OO 0; DB, DB, O% 


PC)-PC, 

PCy PCy 

P8,-PBy 
LS001550 


CONTROL WORD #11 
D, O; Os % Oy 0, 0, 2% 


PC, PC, 

PC5-PCy 

P2,-PB 
LS001570 


CONTROL WORD #14 
DBD, Og D0 & Dy DB, 0, 


—_— PB, -PBy 
LS001590 


CONTROL WORD #15 


0, De Os O& Dy BO, D1, 
PA,-RAy 
PC, PC, 
PC4-PCy 
PB, -PBy 


LS001610 





Operating Modes INTE B 


MODE 1 (Strobed Input/Output). This functional configura- Controlled by bit set/reset of PCo. 
tion provides a means for transferring |/O data to or from a MODE 1 (PORT A) 
specified port in conjunction with strobes or ''handshaking” 
signals. In Mode 1, Port A and Port B use the lines on Port C to 
generate or accept these ''handshaking"’ signals. 


eo 
ny 
oi 
(43) 
> 


CONTROL WORD 

Mod B c f O, Dg Dy Dy Dz OZ Dy OH 
ode 1 Basic Functional Definitions: WINN 
Two Groups (Group A and Group B) BORK 
Each group contains one 8-bit data port and one 4-bit Pe 7 
control/data port. So cunuy 
The 8-bit data port can be either input or output. Both inputs 
and outputs are latched. 
The 4-bit port is used for control and status of the 8-bit data 
port. 


Input Control Signal Definition 
STB (Strobe Input). A "low'' on this input loads data into the 


input latch. CONTROL WORD 


IBF (Input Buffer Full F/F) 
ZN NNN iS 


A "high" on this output indicates that the data has been 
loaded into the input latch: in essence, an acknowledgement. 
IBF is set by STB input being low and is reset by the rising 
edge of the RD input. 


INTR (Interrupt Request) 


A"high"' on this output can be used to interrupt the CPU when 

an input device is requesting service. INTR is set when STB is 

a"one,"' IBF is a ''one" and INTE is a"'one." It is reset by the LS001620 
falling edge of RD. This procedure allows an input device to 

request service from the CPU by simply strobing its data into Figure 8. MODE 1 Input 

the port. 


INTE A 
Controlled by bit set/reset of PCq. 





INPUT FROM ce aoe 
PERIPHERAL 


WFO008970 


Figure 9. MODE 1 (Strobed Input) 
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Output Control Signal Definition 


OBF (Output Buffer Full F/F). The OBF output will go "low" 
to indicate that the CPU has written data out to the specified 
port. The OBF F/F will be set by the rising edge of the WR 
input and reset by ACK Input being low. 


ACK (Acknowledge Input). A "low" on this input informs the 
8255A that the data from port A or Port B has been accepted. 
In essence, a response from the peripheral device indicating 
that it has received the data output by the CPU. 


INTR (Interrupt Request). A "high'’ on this output can be 
used to interrupt the CPU when an output device has accepted 
data transmitted by the CPU. INTR is set when ACK is a 
“one,” OBF is a "one" and INTE is a "one." It is reset by the 
falling edge of WR. 


INTE A 
Controlled by bit set/reset of PCg. 


INTE B 
Controlled by bit set/reset of PCo. 


MODE 1 (PORT A) 


CONTROL WORD 
D, Dg Ds D, D3 D, D, Dy 


[fol | 9 lp 


0 =OUTPUT 


CONTROL WORD 
D, Dg Og 0, 0; 0, 0, Dy 


Ls DDD + |e DX] 


LS001630 


Figure 10. MODE 1 Output 


WF008981 


Figure 11. Mode 1 (Strobed Output) 


Combinations of MODE 1 


Port A and Port B can be individually defined as input or output 


in Mode 1 to support a wide variety of strobed I/O applica- 
tions. 
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CONTROL WORD 
D, Dg Ds Dy Dz D, Dy Oy 


ule refers) ed 
PC, 7 
= INPUT 


0 = OUTPUT 


WR —e 


PORT A — (STROBED INPUT) 
PORT B ~ (STROBED OUTPUT) 


LS001770 


CONTROL WORD 
0, 0g Dy Dy 03 Dz 0, Dy 


pe fof fo ful | + Ix] 
PCs 
1= INPUT 
0 = OUTPUT 


Ro —ro 


PORT A — (STROBED OUTPUT) 
PORT B — (STROBED INPUT} 


LS001640 


Figure 12. Combinations of MODE 1 


Operating Modes 


MODE 2 (Strobed Bidirectional Bus I/O). This functional 
configuration provides a means for communicating with a 
peripheral device or structure on a single 8-bit bus for both 
transmitting and receiving data (bidirectional bus I/O). 
"Handshaking" signals are provided to maintain proper bus 
flow discipline in a similar manner to MODE 1. Interrupt 
generation and enable/disable functions are also available. 


MODE 2 Basic Functional Definitions: 
Used in Group A only. 
One 8-bit, bi-directional bus Port (Port A) and a 5-bit contro! 
Port (Port C). 
Both inputs and outputs are latched. 
The 5-bit control port (Port C) is used for control and status 
for the 8-bit, bi-directional bus port (Port A). 


Bidirectional Bus I/O Control Signal 
Definition 


INTR (Interrupt Request). A "high" on this output can be 
used to interrupt the CPU for both input or output operations. 


CONTROL WORD 


D, 0, Ds Dy 03 Bz OD, Dy 
0 


CT LT 


C20 
1 = INPUT 
0 = OUTPUT 


PORT B 
1 = INPUT 
O= OUTPUT 


GROUP B MODE 
0= MODE 0 
t=MODE 1 


DF004130 


Figure 13. MODE Control Word 


Output Operations 


OBF (Output Buffer Full). The OBF output will go "low'' to 
indicate that the CPU has written data out to Port A. 


ACK (Acknowledge). A "'low'’ on this input enables the tri- 
state output buffer of Port A to send out the data. Otherwise, 
the output buffer will be in the high impedance state. 


INTE 1 (The INTE Flip-Flop Associated with OBF). Con- 
trolled by bit set/reset of PCg. 


Input Operations 
STB (Strobe Input) 


STB (Strobe Input). A "'low"' on this input loads data into the 
input latch. 


IBF (Input Buffer Full F/F). A "high" on this output indicates 
that data has been loaded into the input latch. 


INTE 2 (The INTE Flip-Flop Associated with IBF). Con- 
troiled by bit set/reset of PC4. 


_ LS001650 
Figure 14. MODE 2 
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8255A 


DATA FROM 
CPU TO 8255A 


ant 


ae. 


ae 


—*e|tapi<—— — xo <———— 


PERIPHERAL 
BUS 


DATA FROM DATA FROM 
PERIPHERAL TO 8255A 8255A TO PERIPHERAL 
DATA FROM 
8255A TO 8080A 
WF008993 


Figure 15. MODE 2 (Bidirectional) 
Note: Any sequence where WR occurs before ACK and STB occurs before RD is permissible. 
(INTR = IBF * MASK « STB - RD+ OBF - MASK ° ACK « WA) 


MODE 2 AND MODE 0 (INPUT) MODE 2 AND MODE 0 (OUTPUT) 


CONTROL WORD CONTROL WORD 


D, Dg Ds Dy D; 0, D, Dy Dy Dg Ds Dy Dy D, Dy Dy 


PE RODE Te = PODOOEerH 


20 
1 = INPUT 





PC29 


1 = INPUT OUTPUT 
0 = OUTPUT ee 


LS001661 
LS001671 
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MODE 2 AND MODE 1 (OUTPUT) MODE 2 AND MODE 1 (INPUT) 
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CONTROL WORD are. CONTROL WORD 


0, Dg Dg DO, 0; OD, Dy Dy D, Dg Dg Dy 03 D2 Dy O 


PT DDD To IX a5 Lt Dd DX 


ST 


IBFg 


INTRa 
Figure 16. MODE ¥4 Combinations 


Mode Definition Summary 
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Special Mode Combination Considerations 


There are several combinations of modes when not all of the 
bits in Port C are used for control or status. The remaining bits 
can be used as follows: 


lf Programmed as Inputs — 
All input lines can be accessed during a normal Port C read. 


If Programmed as Outputs — 
Bits in C upper (PC7-PC,4) must be individually accessed 
using the bit set/reset function. 


Bits in C lower (PC3 -PCo) can be accessed using the bit 
set/reset function or accessed as a threesome by writing 
into Port C. 


Source Current Capability on Port B and 
Port C 


Any set of eight output buffers, selected randomly from Ports 
B and C can source 1 mA at 1.5 volts. This feature allows the 
8255A to directly drive Darlington type drivers and high- 
voltage displays that require such source current. 


Reading Port C Status 


In Mode 0, Port C transfers data to or from the peripheral 
device. When the 8255A is programmed to function in Modes 
1 or 2, Port C generates or accepts "handshaking" signals 
with the peripheral device. Reading the contents of Port C 
allows the programmer to test or verify the ''status" of each 
peripheral device and change the program flow accordingly. 


There is no special instruction to read the status information 
from Port C. A normal read operation of Port C is executed to 
perform this function. 


INPUT CONFIGURATION 


D, 0% Ds OO 0; D0, 0, Op 
[moe sor 
{__ 
GROUP A GROUP B 


DF004141 
OUTPUT CONFIGURATION 


D, Og 0, OQ 0; DB, DB, dB 
or ve] v2 [on we rn 
Ge el 





GROUP B 
OF004121 


Figure 17. MODE 1 Status Word Format 


0, OF 0, OO DB, 2, 0, Do 
AN 
EON 
ZSENIZ SNS 
Carrer yee {nd 
GROUP A GROUP B 


(DEFINED BY MODE 0 OR MODE 1 SELECTION) 
DF004151 


Figure 18. MODE 2 Status Word Format 
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APPLICATIONS INFORMATION 


The 8255A is a very powerful tool for interfacing peripheral 
equipment to the microcomputer system. It represents the 
optimum use of available pins and is flexible enough to 
interface almost any I/O device without the need for additional 
external logic. 


Each peripheral device in a microcomputer system usually has 
a "service routine’ associated with it. The routine manages 
the software interface between the device and the CPU. The 
functional definition of the 8255A is programmed by the I/O 
service routine and becomes an extension of the system 
software. By examining the !/O devices interface characteris- 
tics for both data transfer and timing, and matching this 
information to the examples and tables in the detailed 
operational description, a control word can easily be devel- 
oped to initialize the 8255A to exactly ‘fit’ the application. 
Figures 19 through 25 present a few examples of typical 
applications of the 8255A. 


INTERRUPT 
REQUEST 


HIGH-SPEED 
PRINTER 


MODE 1 
(OUTPUT) 


HAMMER 
RELAYS 


OATA READY 
ACK 

PAPER FEEO 
FORWARD/REV 


OATA READY 
ACK 

PAPER FEED 
FORWARD/REV 
RIBBON 
CARRIAGE SEN. 


MODE 1 
(OUTPUT) 


DATA READY 
ACK 


CONTROL LOGIC AND ORIVERS 
INTERRUPT 
REQUEST 


LS001710 


Figure 19. Printer Interface 





INTERRUPT 
REQUEST 


MODE 1 
(INPUT) 


MODE 1 
(OUTPUT) 


INTERRUPT 
REQUEST 


Figure 20. Keyboard and Display Interface 


MODE 0 
{OUTPUT) 


BIT 
SET/RESET 


MODE 0 
(INPUT) 


Figure 22. Digital to Analog, Analog to Digital 


12.B1T 
OA 
CONVERTER 
{DAC) 


MSB 


STB OATA 
OUTPUT EN 


SAMPLE EN 
sts 


AD 
CONVERTER 
{AOc) 


INTERRUPT 
REQUEST 


FULLY 
DECODED 
KEYBOARD 


MODE 1 
(INPUT) 


CONTROL 
STROBE 


ack 8255A 


BURROUGHS 
SELF-SCAN 
DISPLAY 


BACKSPACE 
CLEAR 


MODE 0 
{iNPUT) 


DATA READY 
ACK 
BLANKING 
CANCEL WORD 


LS001700 


Figure 21. 


INTERRUPT 
REQUEST 


ANALOG OUTPUT 


j—— ANALOG INPUT 


MODE 0 
(OUTPUT) 


LS001730 
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FULLY 
DECODED 
KEYBOARD 


SHIFT 
CONTROL 


STROBE 
ACKNOWLEDGE 
@uSy LT 
TEST LT 


TERMINAL 
ADORESS 


LS001720 





Keyboard and Terminal Address 
Interface 


FLOPPY DISK 
CONTROLLER 
AND ORIVE 


DATA STB 
ACK (IN) 
DATA READY 
ACK (OUT) 


TRACK “0” SENSOR 
SYNC READY 
INDEX 


ENGAGE HEAD 
FORWARD/REV 
READ ENABLE 
WRITE ENABLE 
DISC SELECT 
ENABLE CAC 
TEST 

BUSY LT 


LS001740 


Figure 23. Basic Floppy Disk Interface 


8255A 


INTERRUPT 
REQUEST 


MODE 1 
(OUTPUT) 


MODE 0 
(OUTPUT} 


CRT CONTROLLER 

© CHARACTER GEN. 
@ REFRESH BUFFER 
© CURSOR CONTROL 


SHIFT 
CONTROL 


DATA READY 
ACK 
BLANKEO 
BLACK/WHITE 


ROW STB 
COLUMN $T8 
CURSOR H/V STB 


CURSOR/ROW/COLUMN 
ADDRESS 
H4av 


LS001750 


Figure 24, Basic CRT Controller Interface 


3-366 


INTERRUPT 
REQUEST 


MODE 1 
(INPUT) 


8255A 


MODE 0 
(INPUT) 


MODE 0 
(OUTPUT) 


Figure 25. 


B LEVEL 
PAPER 
TAPE 

READER 


MACHINE TOOL 


START/STOP 
LIMIT SENSOR (H/V) 
OUT OF FLUID 


CHANGE TOOL 
LEFY/RIGHT 
UP/DOWN 

HOR. STEP STROBE 
VERT. STEP STROBE 
SLEW/STEP 

FLUIO ENABLE 
EMERGENCY STOP 


LS001760 


Machine Tool Controller Interface 





ABSOLUTE MAXIMUM RATINGS 


-65 to +150°C 
-0.5 to 7.0 V 


Storage Temperature 
Vcc with Respect to Vss 
All Signal Voltages 

with Respect to Vss -0.5 to +7.0 V 
Power Dissipation .........cccccscsesececeeseseensesesseneeeres 1.0 W 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 


OPERATING RANGES 


Commercial (C) Devices 
Temperature (Ta) 
Supply Voltage (Vcc) 

Industrial (i) Devices 


Temperature (Ta) -40 to +85°C 
Supply Voltage (Vcc) 5 V +10% 


Operating ranges define those limits between which the 
functionality of the device is guaranteed. 


reliability. 
DC CHARACTERISTICS (over Operating Ranges) 


[Parameters [Description | Test Gonations [win [ wax [Unite | 
[vat tow Vonage CdS] | vo 
[Vin | rt Hig VotageSSSCSdCOSSSSCSCSCSCSCS 2 Ve |v 

VoulbB) | _Owput Low Votage (ata us) | ‘tor=2ema——SC~dCSSCSC*~srSCi 
[VouFERy [Output Low vonage (Perpheral Por) | tu=17ma——*|——S~*dCtas | 
[—Vou(08) | Output High Vorage (Data ous) | ton==00ya «| afd 
[“VoutEF) [Output Hon Votage (Prpheral For) | ton==200A———*| 24 | +d ots 
Rexr= 7500; Vow=tsv | -10 [| 40] ma 
[icc omer Sunny Curent ST SSSCSCSCSC~SCSC‘“‘“CSCQO Cm 
[mrt one Curent ———SsS~C~*~idtCS wd 
[top |Our oat Leakage | Vour=Voo to av | | 0] sa 


Note 1: Available on any 8 pins from Port B and C. 


CAPACITANCE Ta = 25°C; Vcc = GND =0 V 


Description Test Conditions | min [| typ | Max | Units 


input Capactance feat We [fo | oF | 
i/0 Capacitance Unmeasured pins reumned to GND | | [| 2 | oF | 


SWITCHING TEST LOAD CIRCUIT 


TC002142 


*Vext is set at various voltages during testing to guarantee the specification. 
Ci includes jig capacitance. 


SWITCHING TEST INPUT/OUTPUT WAVEFORM 


2.0 —~™—~—__ TEST _-—— 2.0 


C. = 150pF 
08 =——— POINTS ——m. 9g 


WFO006350 


AC testing: Inputs are driven at 2.4 V for a logic ''1'' and 0.45 V for a logic "0." 
Timing measurements are made at 2.0 V for a logic ''1"' and 0.8 V for a logic "0." 





See Section 6 for Thermal Characteristics Information. 


3-367 


© 
Nn 
a 
a 
> 





8255A 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified 
BUS PARAMETERS 
READ 


Description 
t 


- 


R 

A 

R 

F 
t Time Between READs and/or 
RV WRITEs 

Ww 

A 

WwW 


= 
oO 


10 
Parameters Description 
Address Stable Before WRITE 
WRITE Pulse Width 400 


Data Valid to WAITE (FE) 


OTHER TIMINGS 


en ne 


Address Stable After WRITE 
D 


_ 
tes] 
oO 


R 
R 


Notes: 1. Test Conditions: 8255A: CL = 150 pF 
2. Period of Reset pulse must be at least 50 y during or after power on. Subsequent Reset pulse can be 500 ns min. 
3. INTRt may occur as early as WR}. 


twB 

tHR 

Per. Data After T.E. of STB 
tkD 
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SWITCHING WAVEFORMS 


TB Ay, Ao 


specs >»7 TF - 
tro tor 


Mode 0 (Basic Input) 


Mode 0 (Basic Output) 


4} | 


a a 


tes 


Mode 1 (Strobed Input) 
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WF006320 





WF006330 


WF006340 


8255A 


SWITCHING WAVEFORMS (Cort'd.) 


twit 


WF006362 
Mode 1 (Strobed Output) 


DATA FROM 
SOS0A/8085A TO 8255A 


twrr 


DS 
BH 
= a 


" a 


tps tao tko 
PERIPHERAL 
BUS =e ap GD Gn Gm ome we ane on oe oe Oe oe es oe ee | 7 =e 4 [a Gam Ge Otay GED GUD Gute GAD Git” Chen GEE) SEED coms We GED aD 


tris 


RO 


OATA FROM DATA FROM 
PERIPHERAL TO 8255A 8255A TO PERIPHERAL 


DATA FROM 8255A 
TO 8060A/8085A 


WF006370 


Mode 2 (Bidirectional) 
WR occurs before ACK and 
-STB «RAD + OBF « MASK 


Note: Any sequence where STB occur before RD is permissible 


(INTR = IBF * MASK 


CK * WR). 
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Programmable Interrupt Controller 
iAPX86 Family 


DISTINCTIVE CHARACTERISTICS 


© Eight-Level Priority Controller © Individual Request Mask Capability 
@ Expandable to 64 Levels © Single +5V Supply (No Clocks) 
@ Programmable Interrupt Modes @ 28-Pin Dual-In-Line Package 


v6észes 


GENERAL DESCRIPTION 


The 8259A Programmable Interrupt Controller handles up time overhead in handling multi-level priority interrupts. It 
to eight vectored priority interrupts for the CPU. It is has several modes, permitting optimization for a variety of 
cascadable for up to 64 vectored priority interrupts without system requirements. 

additional circuitry. It is packaged in a 28-pin DIP, uses 

NMOS technology and requires a single +5V supply. The 8259A is fully upward compatible with the 8259. 
Circuitry is static, requiring no clock input. Software originally written for the 8259 will operate the 


The 8259A is designed to minimize the software and real B259A In-all 6259 ‘equivalent, modes. 


BLOCK DIAGRAM 





DATA CONTROL LOGIC 
BUS 
BUFFER 


iN 
SERVICE 
REG 
{1$R) 


CASCADE INTERRUPT MASK REG 
BUFFER/ (IMR) 
COMPAR-~ 


ATOR 


INTERNAL BUS 


BD003540 


Publication # Rev. Amendment 
06102 B /0 
Issue Date: April 1987 





8259A 


~ 


woweon OD PF &@ wn 


Figure 2.1 


CONNECTION DIAGRAMS 
Top View 


CD005643 


Note: Pin 1 is marked for orientation. 
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Figure 2.2 


CD010630 





ORDERING INFORMATION 
Commodity Products 


AMD commodity products are available in several packages and operating ranges. The order number (Valid Combination) is formed 


by a combination of: a. Temperature Range 
b. Package Type 
c. Device Number 
d. Speed Option 
e. Optional Processing 


D 8259, =2 B 


ae Se 
|e eee 





= 


. OPTIONAL PROCESSING 
Blank = Standard processing 
B = Burn-in 


. SPEED OPTION 
Blank = 5 MHz 
-2=8 MHz 


. DEVICE NUMBER/DESCRIPTION 
8259A 
Programmable interrupt Controller 
iAPX86 Family 


. PACKAGE TYPE 
P = 28-Pin Piastic DIP (PD 028) 
D = 28-Pin Ceramic DIP (CD 028) 
N = 28-Pin Plastic Leaded Chip Carrier (PL 028) 


. TEMPERATURE RANGE* 
Blank = Commercial (0 to + 70°C) 
| = Industrial (-40 to +85°C) 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations, to check on newly released valid combinations, 
and to obtain additional data on AMD's standard military 
grade products. 


*This device is also available in Military temperature range. 
See MOS Microprocessors and Peripherals Military Handbook 
(Order #09275A/0) for electrical performance characteris- 
tics. 
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PIN DESCRIPTION 


a Supply: +5V Supply. 


| Se Select: A low on this pin enables AD and a communication between the CPU and the 8259A. INTA 
functions are independent of CS. 


| 2 [WR [a | Write: A low on this pin when CS is low enables the 8259A to accept command words from the CPU. 
re i ee ee Read: A low on this pin when CS is low enables the 8259A to release status onto the data bus for the CPU. 
Bidirectional! Data Bus: Control, status and interrupt-vector information are transferred via the bus. 


12, 13, 15 CASo-CAS2 Cascade Lines: The CAS lines form a private 8259A bus to control a multiple 8259A structure. These pins are 
outputs for a master 8259A abd inputs for a slave 8259A. 


Slave Program/Enable Buffer: This is a dual function pin. When in the Buffered Mode, it can be used as an 
output to control buffer transceivers (EN). When not in the buffered mode, it is used as an input to designate a 
master (SP = 1) or slave (SP = 0). 


Interrupt: This pin goes high whenever a valid interrupt request is asserted. It is used to interrupt the CPU, thus 
it is connected to the CPU's interrupt pin. 


Interrupt Requests: Asynchronous inputs. An interrupt request is executed by raising an IR input (low to high), 
and holding it high until it is acknowledged (Edge Triggered Mode), or just by a high !evel on an IR input (Level 
Triggered Mode). 


Interrupt Acknowledge: This pin is used to enable 8259A Interrupt-vector data onto the data bus by a 
sequence of interrupt acknowledge pulses issued by the CPU. 


AO Address Line: This pin acts in conjunction with the CS, WR, and RD pins. It is used by the 8259A to 
decipher various Command Words the CPU writes and status the CPU wishes to read. It is typically connected 
to the CPU AO address line (A1 for iAPX 86, 88). 


DETAILED DESCRIPTION 


Each peripheral device or structure usually has a special 
program or "routine'' that is associated with its specific 


Interrupts in Microcomputer Systems 


Microcomputer system design requires that I/O devices, such 
as keyboards, displays, sensors and other components, re- 
ceive servicing in an efficient manner, so that large amounts of 
the total system tasks can be assumed by the microcomputer 
with little or no effect on throughput. 


The most common method of servicing such devices is the 
Polled approach. This is where the processor must test each 
device in sequence and in effect ''ask'' each one if it needs 
servicing. It is easy to see that a large portion of the main 
program is looping through this continuous polling cycle and 
that such a method would have a serious, detrimental effect 
on system throughput, thus limiting the tasks that could be 
assumed by the microcomputer and reducing the cost effec- 
tiveness of using such devices. 


A more desirable method would be one that would allow the 
microprocessor to be executing its main program and only 
stop to service peripheral devices when it is told to do so by 
the device itself. In effect, the method would provide an 
external asynchronous input that would inform the processor 
that it should complete whatever instruction that is currently 
being executed and fetch a new routine that will service the 
requesting device. Once this servicing is complete, however, 
the processor would resume exactly where it left off. 


This method is called /nterrupt. |t is easy to see that system 
throughput would drastically increase, and thus more tasks 
could be assumed by the microcomputer to further enhance its 
cost effectiveness. 


The Programmable Interrupt Controller (PIC) functions as an 
overall manager in an Interrupt-Driven system environment. It 
accepts requests from the peripheral equipment, determines 
which of the incoming requests is of the highest importance 
(priority), ascertains whether the incoming request has a 
higher priority value than the level currently being serviced, 
and issues an interrupt to the CPU based on this determina- 
tion. 
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functional or operational requirements; this is referred to as a 
"service routine’. The PIC, after issuing an Interrupt to the 
CPU, must somehow input information into the CPU that can 
“point'' the Program Counter to the service routine associated 
with the requesting device. This ''pointer” is an address in a 
vectoring table and will often be referred to, in this document, 
as vectoring data. 


The 8259A 


The 8259A is a device specifically designed for use in real 
time, interrupt-driven microcomputer systems. It manages 
eight levels or requests and has built-in features for expanda- 
bility to other 8259A's (up to 64 levels). It is programmed by 
the system's software as an |/O peripheral. A selection of 
priority modes is available to the programmer so that the 
manner in which the requests are processed by the 8259A can 
be configured to match his system requirements. The priority 
modes can be changed or reconfigured dynamically at any 
time during the main program. This means that the complete 
interrupt structure can be defined as required, based on the 
total system environment. 


CPU-ORIVEN 
MULTIPLEXOR 


AF003320 


Figure 3a. Polled Method 
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Figure 3b. Interrupt Method 


INTERRUPT REQUEST REGISTER (IRR) AND 
IN-SERVICE REGISTER (ISR) 


The interrupts at the IR input lines are handled by two registers 
in cascade, the Interrupt Request Register (IRR) and the In- 
Service Register (ISR). The IRR is used to store all the 
interrupt levels which are requesting service, and the ISR is 
used to store all the interrupt levels which are being serviced. 


PRIORITY RESOLVER 


This logic block determines the priorities of the bits set in the 
IRR. The highest priority is selected and strobed into the 
corresponding bit of the ISR during INTA pulse. 


INTERRUPT MASK REGISTER (IMR) 


The IMR stores the bits which mask the interrupt lines to be 
masked. The IMR operates on the IRR. Masking of a higher 
priority input will not affect the interrupt request lines of lower 
priority. 


INT (INTERRUPT) 


This output goes directly to the CPU interrupt input. The Vou 
level on this line is designed to be fully compatible with the 
8080A, 8085AH and 8086 input levels. 


INTA (INTERRUPT ACKNOWLEDGE) 


INTA pulses will cause the 8259A to release vectoring 
information onto the data bus. The format of this data depends 
on the system mode (uPM) of the 8259A. 


DATA BUS BUFFER 


This 3-state, bidirectional 8-bit buffer is used to interface the 
8259A to the system Data Bus. Control words and status 
information are transferred through the Data Bus Buffer. 


READ/WRITE CONTROL LOGIC 


The function of this block is to accept OUTput commands 
from the CPU. It contains the Initialization Command Word 
(ICW) registers and Operation Command Word (OCW) regis- 
ters which store the various control formats for device 
operation. This function block also allows the status of the 
8259A to be transferred onto the Data Bus. 
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CS (CHIP SELECT) 


A LOW on this input enables the 8259A. No reading or writing 
of the chip will occur unless the device is selected. 


WR (WRITE) 


A LOW on this input enables the CPU to write control words 
(ICWs and OCWs) to the 8259A. 


RD (READ) 


A LOW on this input enables the 8259A to send the status of 
the Interrupt Request Register (IRR), In Service Register 
(ISR), the Interrupt Mask Register (IMR), or the Interrupt level 
onto the Data Bus. 


CASCADE 
BUFFER/ 

COMPAR- 
ATOR 


SSL ANTER OPT MASI REG. 
ene : es 


Ss 


INTERNAL BUS 
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Figure 4a. 8259A Block Diagram 


DATA: 
Bus 
QUEFER 


ita int 


INTEANAL BUS 
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Figure 4b. 8259A Block Diagram 
Ao 


This input signal is used in conjunction with WR and RD 
signals to write commands into the various command regis- 
ters, as well as reading the various status registers of the chip. 
This line can be tied directly to one of the address lines. 


THE CASCADE BUFFER/COMPARATOR 


This function block stores and compares the IDs of all 
8259A's used in the system. The associated three !/O pins 
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(CASO — 2) are outputs when the 8259A is used as a master 
and are inputs when the 8259A is used as a slave. As a 
master, the 8259A sends the ID of the interrupting slave 
device onto the CASO - 2 lines. The slave thus selected will 
send its preprogrammed subroutine address onto the Data 
Bus during the next one or two consecutive INTA pulses. (See 
section ''Cascading the 8259A."') 


Interrupt Sequence 


The powerful features of the 8259A in a microcomputer 
system are its programmability and the interrupt routine 
addressing capability. The latter allows direct or indirect 
jumping to the specific interrupt routine requested without any 
polling of the interrupting devices. The normal sequence of 
events during an interrupt depends on the type of CPU being 
used. 


The events occur as follows in an 8080A/85AH system: 


. One or more of the INTERRUPT REQUEST lines (IR7 -0) 
are raised high, setting the corresponding IRR bit(s). 


. The 8259A evaluates these requests, and sends an INT to 
the CPU, if appropriate. 


. The CPU acknowledges the INT and responds with an INTA 
pulse. 


. Upon receiving an INTA from the CPU group, the highest 
priority ISR bit is set, and the corresponding IRR bit is reset. 
The 8259A will also release a CALL instruction code 
(11001101) onto the 8-bit Data Bus through its D7 - 0 pins. 


5. This CALL instruction will initiate two more INTA pulses to 
be sent to the 8259A from the CPU group. 


. These two INTA pulses allow the 8259A to release its 
preprogrammed subroutine address onto the Data Bus. The 
lower 8-bit address is released at the first INTA pulse and 
the higher 8-bit address is released at the second INTA 
pulse. 


. This completes the 3-byte CALL instruction released by the 
8259A. In the AEOI mode the ISR bit is reset at the end of 
the third INTA pulse. Otherwise, the ISR bit remains set until 
an appropriate EOI command is issued at the end of the 
interrupt sequence. 


The events occurring in an 8086 system are the same until 
step 4. 


4. Upon receiving an INTA from the CPU group, the highest 
priority ISR bit is set and the corresponding IRR bit is reset. 
The 8259A does not drive the Data Bus during this cycle. 


5. The 8086 will initiate a second INTA pulse. During this 
pulse, the 8259A releases an 8-bit pointer onto the Data 
Bus where it is read by the CPU. 


6. This completes the interrupt cycle. In the AEOI mode the 
ISR bit is reset at the end of the second INTA pulse. 
Otherwise, the ISR bit remains set until an appropriate EOt 
command is issued at the end of the interrupt subroutine. 


If no interrupt request is present at step 4 of either sequence 
(i.e., the request was too short in duration) the 8259A will issue 
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an interrupt level 7. Both the vectoring bytes and the CAS lines 
will look like an interrupt level 7 was requested. 


it 


INTEANAG BUS 
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Figure 4c. 8259A Block Diagram 
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Figure 5. 8259A Interface to Standard 
System Bus 


Interrupt Sequence Outputs 
8080A/85AH 


This sequence is timed by three INTA pulses. During the first 
INTA pulse the CALL opcode is enabled onto the data bus. 


Content of First interrupt 
Vector Byte 


D7 Dé DS D4 D3 D2 D1 DO 


CALL CODE/1 1 0 01 14 0 1 


During the second INTA pulse, the lower address of the 
appropriate service routine is enabled onto the data bus. 
When Interval! = 4, bits A5 - A7 are programmed, while Ag — Ag 
are automatically inserted by the 8259A. When Interval! = 8, 
only Ag and A7 are programmed, while Ag — As are automati- 
cally inserted. 





Content of Second Interrupt 
Vector Byte 


7 
[ [br be bs b+ 0a 62 oF 00 | 
Prfarasas 1 + 10 0] 
Pe[arasss + 100 0 
Ps [Aras as +0 1+ 0 0 | 
s[ar ae As 1000 0 | 
[Ar As AS04100 


| 1 | A7 AB AS O 0 1 
| 0 | A7 AB AS 0 0 0 


o};}o;}o;o;o;o|]o 
eo1}o;ol;}o;o};o;o 


[o) 
Oo 


| IR | Interval = 8 
z= D7 D6 D5 D4 D3 D2 D1 DO 
A7 AB 1 11 0 0 0 





During the third INTA pulse, the higher address of the 
appropriate service routine, which was programmed as byte 2 
of the initialization sequence (Ag - A15), is enabled onto the 
bus. 


Content of Third Interrupt 
Vector Byte 


D7 D6 D5 D4 D3 D2 D1 DO 
Passfasa]ara]ara]ars]aso] a0 [a6 


8086, 8088 


8086 mode is similar to 8080A mode except that only two 
Interrupt Acknowledge cycles are issued by the processor and 
no CALL opcode is sent to the processor. The first interrupt 
acknowledge cycle is similar to that of 8080A/85AH systems 
in that the 8259A uses it to internally freeze the state of the 
interrupts for priority resolution and as a master it issues the 
interrupt code on the cascade lines at the end of the INTA 
pulse. On this first cycle it does not issue any data to the 
processor and leaves its data bus buffers disabled. On the 
second interrupt acknowledge cycle in 8086 mode, the master 
(or slave if so programmed) will send a byte of data to the 
processor with the acknowledged interrupt code composed as 


follows (note the state of the ADI mode control is ignored and 
As5—Ay14 are unused in 8086 mode): 


Content of Interrupt Vector Byte 
for 8086 System Mode 


|_| 07] D6] 05] p4| 03] D2] D1 [D0 
| in |t7| re] rs] ra] 73} 1 | + | a 
| ine |t7|r6[75|T4{T9] 4 | 4 | 0 | 
[ins [t7|T6|75|T4{79| + | 0 | 1 | 
| ina |T7[76|75|T4[79| + | 0 | 0 | 


| ina _|T7|76] 75] 4/79 | 0 | + | + 
ina |t7| 76] 75] T4] 73] 0 | 4 | 9 | 
_iat_|t7|t6| 75] ta] 73] 0 | 0 | 4 | 
| ino_[t7| 76] 75{ 74] 73] 0 | 0 | 0 | 


PROGRAMMING INFORMATION 


The 8259A accepts two types of command words generated 
by the CPU: 


1. Initialization Command Words (ICWs): Before normal 
operation can begin, each 8259A in the system must 
be brought to a starting point - by a sequence of 2 to 
4 bytes timed by WR pulses. 


. Operation Command Words (OCWs): These are the 
command words which command the 8259A to operate 
in various interrupt modes. These modes are: 





a. Fully nested mode 

b. Rotating priority mode 
c. Special mask mode 
d. Polled mode 


The OCWs can be written into the 8259A anytime after 
initialization. 


Initialization Command Words 
(ICWS) 


GENERAL 


Whenever a command is issued with AO = 0 and D4 = 1, this 
is interpreted as Initialization Command Word 1 (ICW1). ICW1 
starts the initialization sequence during which the following 
automatically occur. 


a. The edge sense circuit is reset, which means that fol- 
lowing initialization, an interrupt request (IR) input must 
make a low-to-high transition to generate an interrupt. 

. The Interrupt Mask Register is cleared. 

. IR7 input is assigned priority 7. 

. The slave mode address is set to 7. 

. Special Mask Mode is cleared and Status Read is set 
to IRR. 

. If 1C4=0, then all functions selected in |CW4 are set 
to zero. (Non-Buffered mode*, no Auto-EO!, 8080A/ 
85AH system). 


*Note: Master/Slave in ICW4 fs only used in the buffered mode. 
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Initialization Command Words 1 and 2 
(ICW1, ICW2) 


As5—Ai5: Page starting address of service routines. In an 
8080A/85AH system, the 8 request levels will generate CALLs 
to 8 locations equally spaced in memory. These can be 
programmed to be spaced at intervals of 4 or 8 memory 
locations, thus the 8 routines will occupy a page of 32 or 64 
bytes, respectively. 


The address format is 2 bytes long (Ag-Aji5). When the 
routine interval is 4, Ag -A4 are automatically inserted by the 
8259A, while Ag — Ay5 are programmed externally. When the 
routine interval is 8, Ag - As are automatically inserted by the 
8259A, while Ag—Aj45 are programmed externally. 


The 8-byte interval will maintain compatibility with current 
software, while the 4-byte interval is best for a compact jump 
table. 


In an 8086 system A,5-—A 41 are inserted in the five most 
significant bits of the vectoring byte and the 8259A sets the 
three least significant bits according to the interrupt level. 
A10— As are ignored and ADI (Address interval) has no effect. 


LTIM: If LTIM=1, then the 8259A will operate in the lev- 
el interrupt mode. Edge detect logic on the inter- 
rupt inputs will be disabled. 


AD!: CALL address interval. ADI = 1 then interval = 4; 
ADI = 0 then interval = 8. 


SNGL: Single. Means that this is the only 8259A in the 
system. If SNGL=1 no ICWS3 will be issued. 


IC4: If this bit is set - ICW4 has to be read. If ICW4 is 
not needed, set IC4=0. 


Initialization Command Word 3 (!CW3) 


This word is read only when there is more than one 8259A in 
the system and cascading is used, in which case SNGL = 0. It 


will load the 8-bit slave register. The functions of this register 
are: 


a. In the master mode (either when SP = 1, or in buff- 
ered mode when M/S = 1 in ICW4) a ''1" is set for 
each slave in the system. The master then will release 
byte 1 of the call sequence (for 8080A/85AH system) 
and will enable the corresponding slave to release 
bytes 2 and 3 (for 8086 only byte 2) through the cas- 
cade lines. 


. In the slave mode (either when SP =0, or if BUF =1 
and M/S = 0 in ICW4) bits 2-0 identify the slave. The 
slave compares its cascade input with these bits and, 
if they are equal, bytes 2 and 3 of the call sequence 
(or just byte 2 for 8086 are released by it on the Data 
Bus. 


Initialization Command Word 4 (ICW4) 


SFNM: If SFNM = 1 the special fully nested mode is pro- 
grammed. 


BUF: If BUF =1 the buffered mode is programmed. In 
buffered mode SP/EN becomes an enable output 
and the master/slave determination is by M/S. 


M/S: If buffered mode is selected: M/S =1 means the 
8259A is programmed to be a master, M/S =0 
means the 8259A is programmed to be a slave. If 
BUF = 0, M/S has no function. 


AEOI: If AEOI = 1 the automatic end of interrupt mode is 
programmed. 


LPM: Microprocessor mode: uPM =0 sets the 8259A for 


8080A/85AH system operation, uPM=1 sets the 
8259A for 8086 system operation. 
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Figure 6. Initialization Sequence 
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1miCW4 NEEDED 
O = NO ICw4 NEEDED 


1 = SINGLE ¢ 
0 = CASCADE MODE 


CALL ACORESS INTERVAL 
T= INTERVAL OF 4 
O= INTEAVAL OF 8 


1 = LEVEL TRIGGERED MODE 
0 = EOGE TRIGGERED MODE 


Ap-Ag of INTERRUPT 
VECTOR ADDRESS 
(8080A/85AH MODE ONLY) 


A y5-Ag OF INTERRUPT 
VECTOR ADDRESS 

(8080A/85AH MODE) 
T,-T, OF INTERRUPT 


ICW3 (MASTER DEVICE) VECTOR ADORESS 
(8086 8088 MODE) 
oO, Oo, 0, 


T IR INPUT HAS A SLAVE 
O = IR INPUT DOES NOT HAVE 
A SLAVE 





ICW3 (SLAVE OEVICES 


A» ° ? o% Oo, , DO, b, 0, D5 


icwe 
Ao O07 O6 Os Da 


03 02 oO Oo 
1 = 8086/8088 MOOE 
0 = 8080A/85AH MODE 


1s AUTO EOS 
O0= NORMAL EO! 


("oO | x _}—NON BUFFERED MODE 
[a [0 |} ~BUFFEREO MOOE/SLAVE 
[y¥ {1 }~BUFFERED MODE /MASTER 


1 = SPECIAL FULLY NESTED 
MODE 

0 = NOT SPECIAL FULLY 
NESTEO MOOE 


DF003911 


Note 1: SLAVE ID IS EQUAL TO THE CORRESPONDING 
MASTER IR INPUT. 


Figure 7. Initialization Command Word Format 
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Operation Command Words (OCWs) 


After the Initialization Command Words (ICWs) are pro- 
grammed into the 8259A, the chip is ready to accept interrupt 
requests at its input lines. However, during the 8259A opera- 
tion, a selection of algorithms can command the 8259A to 
operate in various modes through the Operation Command 
Words (OCWs). 


Operation Control Words (OCWs) 


ocw1 
D7 D6 D5 D4 D3 


M7 M6 M5 M4 Ms 


D2 OD1 
M2 M1 


AO 


Oocwe2 


Lo] 


OCWS3 


[o | 


R SL EO1 0 Oo le 1 LO 


0 ESMM SMM 0 1 P RR AIS 
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Operation Control! Word 1 (OCW1) 


OCW1 sets and clears the mask bits in the interrupt Mask 
Register (IMR). M7 — Mo represent the eight mask bits. M = 1 
indicates the channel is masked (inhibited), M = 0 indicates 
the channel is enabled. 


Operation Control Word 2 (OCW2) 


R, SL, EOI - These three bits control the Rotate and End of 
interrupt modes and combinations of the two. A chart of these 
combinations can be found on the Operation Command Word 
Format. 


Lo, Ly, Lo ~ These bits determine the interrupt level acted 
upon when the SL bit is active. 


Operation Control Word 3 (OCW3) 


ESMM - Enable Special Mask Mode. When this bit is set to 1, 
it enables the SMM bit to set or reset the Special Mask Mode. 
When ESMM = 0, the SMM bit becomes a ''don't care." 


SMM - Special Mask Mode. If ESMM = 1 and SMM = 1, the 
8259A will enter Special Mask Mode. If ESMM=1 and 
SMM = 0, the 8259A will revert to normal mask mode. When 
ESMM = 0, SMM has no effect. 





‘SPECIFIC EOI COMMAND 


ROTATE O04 NOM-SPECINC EOt COMMAND 
ROTATE IN AUTOMATIC £01 MOCE (SET) 
ROTATE IN AUTOMATIC EOt MODE (CLEAR) 
“ROTATE ON SPECWIC EO! COMMAND 


“SET PRIORITY COMMAND 
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Figure 8. Operation Command Word Format 


Fully Nested Mode 


This mode is entered after initialization unless another mode is 
programmed. The interrupt requests are ordered in priority 
form 0 through 7 (0 highest). When an interrupt is acknowl- 
edged, the highest priority request is determined and its vector 
placed on the bus. Additionally, a bit of the Interrupt Service 
register (ISO-7) is set. This bit remains set until the micropro- 
cessor issues an End of Interrupt (EOI) command immediately 
before returning from the service routine, or if AEOI (Automatic 
End of Interrupt) bit is set, until the trailing edge of the last 
INTA. While the IS bit is set, all further interrupts of the same 
or lower priority are inhibited, while higher levels will generate 
an interrupt (which will be acknowledged only if the micropro- 
cessor internal Interrupt enable flip-flop has been re-enabled 
through software). 
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After the initialization sequence, IRO has the highest priority 
and IR7 the lowest. Priorities can be changed, as will be 
explained, in the rotating priority mode. 


End Of Interrupt (EOI) 


The In Service (IS) bit can be reset either automatically 
following the trailing edge of the last in sequence INTA pulse 
(when AEOI bit in (CW1 is set) or by a command word that 
must be issued to the 8259A before returning from a service 
routine (EO! command). An EOI command must be issued 
twice if in the Cascade mode, once for the master and once 
for the corresponding slave. 


There are two forms of EOI command: Specific and Non- 
Specific. When the 8259A is operated in modes which 
preserve the fully nested structure, it can determine which |S 
bit to reset on EO!. When a Non-Specific EO! command is 
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issued the 8259A will automatically reset the highest IS bit of 
those that are set, since in the fully nested mode the highest 
IS level was necessarily the last level acknowledged and 
serviced. A non-specific EO! can be issued with OCW2 
(EOI = 1, SL=0, R=0). 


When a mode is used which may disturb the fully nested 
structure, the 8259A may no longer be able to determine the 
last level acknowledged. In this case a Specific End of 
Interrupt must be issued which includes as part of the 
command the IS level to be reset. A specific EO! can be 
issued with OCWe (EO! = 1, SL= 1, R = 0, and LO-L2 is the 
binary level of the IS bit to be reset). 


It should be noted that an IS bit that is masked by an IMR bit 
will not be cleared by a non-specific EOI if the 8259A is in the 
Special Mask Mode. 


Automatic End Of Interrupt (AEO!) Mode 


If AEOI=1 in ICW4, then the 8259A will operate in AEOI 
mode continuously until reprogrammed by ICW4. In this mode 
the 8259A will automatically perform a non-specific EOI 
operation at the trailing edge of the last interrupt acknowledge 
pulse (third pulse in 8080A/85AH, second in 8086). Note that 
from a system standpoint, this mode should be used only 
when a nested multilevel interrupt structure is not required 
within a single 8259A. 


The AEOI mode can only be used in a master 8259A and nota 
slave. 


AUTOMATIC ROTATION 
(Equal Priority Devices) 


In some applications there are a number of interrupting 
devices of equal priority. In this mode a device, after being 
serviced, receives the lowest priority, so a device requesting 
an interrupt will have to wait, in the worst case until each of 7 
other devices are serviced at most once. For example, if the 
priority and "in service" status is: 


Before Rotate (IR4 the highest priority requiring service) 


(S7 1S6 185 184 1S3 IS2 1$S1 Iso 
pot stot sfoto}ofol| 


Lowest Priority Highest Priority 


EXEERS REE ES ERE 


TBO00093 


“IS” Status 


Priority Status 


After Rotate (IR4 was serviced, all other priorities rotated 
correspondingly) 
IS? ($6 ISS 1S4 1S3 1$2 IS1 ISO 


Highest Priority Lowest Priority 


2 la Top ere S413) 


TBO00094 


“IS” Status 


Priority Status 


There are two ways to accomplish Automatic Rotation using 
OCW2, the Rotation on Non-Specific EO] Command (R= 1, 
SL = 0, EO! = 1) and the Rotate in Automatic EOI Mode which 
is set by (R=1, SL=0, EOI=0) and cleared by (R=0, 
SL=0, EO! =0). 


SPECIFIC ROTATION 
(Specific Priority) 


The programmer can change priorities by programming the 
bottom priority and thus fixing all other priorities; i.e., if IR5 is 


programmed as the bottom priority device, then IR6 will have 
the highest one. 


The Set Priority command is issued in OCW2 where: R = 1, 
SL = 1; LO-L2 is the binary priority level code of the bottom 
priority device. 


Observe that in this mode internal status is updated by 
software control during OCW2. However, it is independent of 
the End of Interrupt (EOI) command (also executed by 
OCWe2). Priority changes can be executed during an EO! 
command by using the Rotate on Specific EO] command in 
OcW2 (R=1, SL=1, EOl=1 and LO-L2=IR level to 
receive bottom priority). 


Interrupt Masks 


Each Interrupt Request input can be masked individually by 
the Interrupt Mask Register (IMR) programmed through 
OCW1. Each bit in the IMR masks one interrupt channel if it is 
set (1). Bit 0 masks IRO, Bit 1 masks IR1 and so forth. Masking 
an IR channel does not affect the other channels operation. 


Special Mask Mode 


Some applications may require an interrupt service routine to 
dynamically alter the system priority structure during its 
execution under software control. For example, the routine 
may wish to inhibit lower priority requests for a portion of its 
execution but enable some of them for another portion. 


The difficulty here is that if an Interrupt Request is acknowl- 
edged and an End of Interrupt command did not reset its IS bit 
(i.e., while executing a service routine), the 8259A would have 
inhibited all lower priority requests with no easy way for the 
routine to enable them. 


That is where the Special Mask Mode comes in. In the special 
Mask Mode, when a mask bit is set in OCW, it inhibits further 
interrupts at that level and enables interrupts from ail other 
levels (lower as well as higher) that are not masked. 


Thus, any interrupts may be selectively enabled by loading the 
mask register. 


The special Mask Mode is set by OCW3 where: SSMM = 1, 
SMM = 1, and cleared where SSMM = 1, SMM = 0. 


Poll Command 


In this mode the INT output is not used or the microprocessor 
internal Interrupt Enable flip-flop is reset, disabling its interrupt 
input. Service to devices is achieved by software using a Poll 
command. 


The Poll command is issued by setting P = ''1"' in OCW3. The 
8259A treats the next RD pulse to the 8259A (i.e., RD =0, 
CS = 0) as an interrupt acknowledge, sets the appropriate IS 
bit if there is a request, and reads the priority level. Interrupt is 
frozen from WR to RD. 


The word enabled onto the data bus during RD is: 
D7 D6 D5 D4 D3 D2 D1 DO 


1 - =- - — W2 W1 WO 
WO0-We2: Binary code of the highest priority level 
requesting service. 
1: Equal to a ''1" if there is an interrupt. 


This mode is useful if there is a routine command common to 
several levels so that the INTA sequence is not needed (saves 
ROM space). Another application is to use the poll mode to 
expand the number of priority levels to more than 64. 
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NOTES1. MASTER CLEAR ACTIVE ONLY_DURING ICW1 
2. FREEZE/ 1S ACTIVE DURING INTA/ AND POLL SEQUENCES 


ONLY 


3. TRUTH TABLE FOR D-LATCH 


OPERATION 


FOLLOW 
HOLD 


Figure 9. Priority Cell - Simplified Logic Diagram 


Reading The 8259A Status 


The input status of several internal registers can be read to 
update the user information on the system. The following 
registers can be read via OCW3 (IRR and ISR or OCW1 
{IMR)). 


Interrupt Request Register (IRR): 8-bit register which contains 
the levels requesting an interrupt to be acknowledged. The 
highest request level is reset from the IRR when an interrupt is 
acknowledged. (Not affected by IMR.) 


In-Service Register (ISR): 8-bit register which contains the 
priority levels that are being serviced. The ISR is updated 
when an End of Interrupt Command is issued. 


Interrupt Mask Register: 8-bit register which contains the 
interrupt request lines which are masked. 


The IRR can be read when, prior to the RD pulse, a Read 
Register Command is issued with OCW3 (RR = 1, RIS = 0.) 


The ISR can be read when, prior to the RD pulse, a Read 
Register Command is issued with OCW3 (RR = 1, RIS = 1). 


There is no need to write an OCWS before every status read 
operation, as long as the status read corresponds with the 
previous one; i.e., the 8259A "remembers" whether the IRR 
or ISR has been previously selected by the OCWS. This is not 
true when poll is used. 


After initialization, the 8259A is set to IRR. 


For reading the IMR, no OCW3 is needed. The output data bus 
will contain the IMR whenever RD is active and AO=1 
(OCW1). 


Polling overrides status read when P=1, RR=1 in OCWS. 
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Edge and Level Triggered Modes 
This mode is programmed using bit 3 in ICW1. 


lf LTIM = '0'", an interrupt request will be recognized by low to 
high transition on an JR input. The IR input can remain high 
without generating another interrupt. 


lf LTIM = '1', an interrupt request will be recognized by a ‘high’ 
level on IR input, and there is no need for an edge detection. 
The interrupt request must be removed before the EO! 
command is issued or the CPU interrupt is enabled to prevent 
a second interrupt from occurring. 


The priority cell diagram shows a conceptual circuit of the 
level sensitive and edge sensitive input circuitry of the 8259A. 
Be sure to note that the request latch is a transparent D type 
latch. 


In both the edge and level triggered modes, the IR inputs must 
remain high until after the falling edge of the first INTA. If the 
IR input goes low before this time, a DEFAULT |R7 will occur 
when the CPU acknowledges the interrupt. This can be a 
useful safeguard for detecting interrupts caused by spurious 
noise glitches on the IR inputs. To implement this feature, the 
IR7 routine is used for '’clean up"' - simply executing a return 
instruction, thus ignoring the interrupt. If IR7 is needed for 
other purposes, a default IR7 can still be detected by reading 
the ISR. A normal IR7 interrupt will set the corresponding ISR 
bit, a default IR7 won't. If a default IR7 routine occurs during a 
normal IR7 routine, however, the ISR will remain set. In this 
case it is necessary to keep track of whether or not the IR7 
routine was previously entered. If another IR7 occurs, it is a 
default. 
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8259A 


EARLIEST IR 
CAN BE REMOVED 


LATCH" 


"EOGE TRIGGERED MODE ONLY ARMED 


WF008581 


Figure 10. IR Triggering Timing Requirements 


The Special Fully Nested Mode 


This mode will be used in the case of a big system where 
cascading is used, and the priority has to be conserved within 
each slave. In this case the fully nested mode will be 
programmed to the master (using ICW4). This mode is similar 
to the normal nested mode with the following exceptions: 


a. When an interrupt request from a certain slave is in service, 


this slave is not locked out from the master's priority logic 
and further interrupt requests from higher priority IR's within 
the slave will be recognized by the master and will initiate 
interrupts to the processor. (In the normal nested mode, a 
slave is masked out when its request is in service and no 
higher requests from the same slave can be serviced.) 


b. When exiting the Interrupt Service routine the software has 
to check whether the interrupt serviced was the only one 
from that slave. This is done by sending a non-specific End 
of Interrupt (EOI) command to the slave and then reading its 
In-Service register and checking for zero. If it is empty, a 
non-specific EOI can be sent to the master too. If not, no 
EOI should be sent. 


Buffered Mode 


When the 8259A is used in a large system where bus driving 
buffers are required on the data bus and the cascading mode 
is used, there exists the problem of enabling buffers. 


The buffered mode will structure the 8259A to send an enable 
signal on SP/EN to enable the buffers. In this mode, whenever 
the 8259A's data bus outputs are enabled, the SP/EN output 
becomes active. 
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This modification forces the use of software programming to 
determine whether the 8259A is a master or a slave. Bit 3 in 
ICW4 programs the buffered mode, and bit 2 in ICW4 
determines whether it is a master or a slave. 


Cascade Mode 


The 8259A can be easily interconnected in a system of one 
master with up to eight slaves to handle up to 64 priority 
levels. 


The master controls the slaves through the 3 line cascade 
bus. The cascade bus acts like chip selects to the slaves 
during the INTA sequence. 


In a cascade configuration, the slave interrupt outputs are 
connected to the master interrupt request inputs. When a 
slave request line is activated and afterwards acknowledged, 
the master will enable the corresponding slave to release the 
device routine address during bytes 2 and 3 of INTA. (Byte 2 
only for 8086/8088). 


The cascade bus lines are normally low and will contain the 
slave address code from the trailing edge of the first INTA 
pulse to the trailing edge of the third pulse. Each 82594 in the 
system must follow a separate initialization sequence and can 
be programmed to work in a different mode. An EOI command 
must be issued twice: once for the master and once for the 
corresponding slave. An address decoder is required to 
activate the Chip Select (CS) input of each 8259A. 


The cascade lines of the Master 8259A are activated only for 
slave inputs, non slave inputs leave the cascade line inactive 
(low). 
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CS Ay 00-7 = NTA 
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Figure 11. Cascading the 8259A 





3-385 


8259A 


ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature -65°C to + 150°C : : 
Voltage on Any Pin Commercial (C) Devices 


; Temperature (Ta) 0 to +70°C 
with Respect to Ground -0.5V to +7V 
Power Dissipation Supply Voltage (Vcc) 5 V +10% 


Industrial (I) Devices 
Stresses above those listed under ABSOLUTE MAXIMUM Temperature (Ta) ~40 to +85°C 
RATINGS may cause permanent device failure. Functionality Supply Voltage (Vcc) 5 V 410% 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device Operating ranges define those limits between which the 
reliability. functionality of the device is guaranteed. 


DC CHARACTERISTICS over operating ranges unless otherwise specified. 


| Vit Input Low Voltage 


eens ee a aes ee eal 


Vor | Output Low Voltage io. = 22 mA es ee 
Von | Output High Voltage Gael io a ae ee 
nn ee Fion==400HASs=~=“*‘~*é*wCSCéA'~=CSD:é‘#”SNCSCON#C#C#C@LNSC*C*é‘sS 
input Load Current OV <Vin < Voc [10 | +10 | wa] 
se Leakage Current 0.48V < Vout <Voo [-10 | +10 «| A 
Ves sikcy Garon eee ae ese ee ie oe ee a 


— 
IR Input Load Current = = ae area 
IVN=Voot—<“—CidS = VCC 


CAPACITANCE (Ta = 25°C, Voc = GND = OV) 


Description Test Conditions | Min | typ | Max | units | 


[Gn apet Gapactance | CCP) Or 
[co | V0 Capacitance | Unmeasured pins returned to Ves | | | 20 | oF | 


SWITCHING TEST INPUT/OUTPUT WAVEFORM SWITCHING TEST LOAD CIRCUIT 


2.0 


| S> rest poms <7 





DEVICE 
UNDER 
TEST 





0.8 


WFO007100 10001840 


Note: AC testing inputs are driven at 2.4V for a logic ''1"' CL = 100 pF. 
and 0.45V for a logic ''0." Timing measurements are C, includes jig capacitance. 
made at 2.0V for a logic 1" and 0.8V for a logic 
BA 0 ad 





Refer to Section 6 for Thermal Characteristics Information. 
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SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified. 
Timing Requirements 


8259A 8259A-2 
Parameters Description 


[Tanwi | AS seuptoW —SSC~sSCSCOCSCSSSSSSS 

[TWHAX | Ag/GS Hold ator WA SSCS SSS 
[Twiwh | WA Puce wan SSCSCSSCOSSSCSCSCSCSCSSCSSCSCSCSC~Sd 8 Jan | 
0 A CT 
[“Twaox | ata Hold ater WAYS SSCSCSCSCSCSCSCS 9 | fr 
[Tuts | ntorupt Request Wieth COM) _—itSSCSCS™C~w TY SSCSCSC~*diC«C =< 


Cascade Setup Second or Third INTA: 
TCVIAL (Slave Only) 

End of RD to next RD 
TRHRL End_of INTA to next INTA within 

an INTA sequence only 


TWHWL End of WR to next WR 
Ps End of Command to next Command 
TCHCL (Not same command type) 
End of INTA sequence to next 
INTA sequence 
*Worst-case timing for TCHCL in an actual microprocessor system is typically much greater than 500ns (i.e. 8085A = 1.6yus, 8085A-2 = 1s, 
8086 = 1y1s, 8086-2 = 625ns) 


Note 1: This is the low time required to clear the input latch in the edge triggered mode. 


Timing Responses 





8259A-2 


Test Conditions 


TRLDV Data Valid from RD/INTA! C of Data Bus = 100pF 
TRHDZ Data Float after RD/INTAt C of Data Bus 
TJHIH interrupt Output Delay Ma Ca isoe 


Cascade Valid from First INTA: Cint = 100pF 
(Master Only) 
Cascade Valid to Valid Data 





SWITCHING WAVEFORMS 


WRITE 


WF006070 
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8259A 


SWITCHING WAVEFORMS (Continued) 
READ/INTA 


TALRH 


WFO006080 


OTHER TIMING 


WF006090 


INTA SEQUENCE 


THIN 


WF006100 


Notes: Interrupt output must remain HIGH at least until leading edge of first INTA. 
1. Cycle 1 in iAPX86, iAPX88 systems, the Data Bus is not active. 
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8284A/8284A-1 


Clock Generator and Driver for 8086, 8088 Processors 


DISTINCTIVE CHARACTERISTICS 


Generates the System Clock for the 8086, 8088 Proces- @ Generates system reset output from Schmitt trigger 
sors: 5MHz, 8MHz with 8284A; 10MHz with 8284A-1 input 

Uses a crystal or a TTL signal for frequency source @ Capable of clock synchronization with other 8284As 
Provides local READY and Multibus* READY synchroni- 

zation 


GENERAL DESCRIPTION 


The 8284A is a single chip clock generator/driver for the trolled oscillator, a divide-by-three counter, complete 
8086, 8088 processors. The chip contains a crystal-con- MULTIBUS* "Ready" synchronization and reset logic. 


BLOCK DIAGRAM 


XTAL 
OSCILLATOR 


BD001440 
RELATED AMD PRODUCTS 


| Part No. | Description 


Am8086 | 16-Bit Microprocessor 
8288 | Bus Controller 





*MULTIBUS is a registered trademark of Intel Corp. Publication # Rev. Amendment 
03359 D /0 


Issue Date: April 1987 





L-Vv8c8/VPscs 





8284A/8284A-1 


CONNECTION DIAGRAMS 
Top View 


10{_] RESET 


CD001582 


Note: Pin 1 is marked for orientation. 
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ORDERING INFORMATION 
Commodity Products 


AMD commodity products are available in several packages and operating ranges. The order number (Valid Combination) is formed 
by a combination of: a. Temperature Range 

b. Package Type 

c. Device Number 

d. Speed Option 

e. Optional Processing 
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M D 8284A 7 


. OPTIONAL PROCESSING 
Blank = Standard Processing 
B = Burn-in 
. SPEED OPTION 
Blank = For 5-MHz & 8-MHz Applications 
-1=For 10-MHz Applications 
DEVICE NUMBER/DESCRIPTION 
8284A 
Clock Generator and Driver 
for 8086, 8088 Processors 
. PACKAGE TYPE 
P= 18-Pin Plastic DIP (PD 018) 
D=18-Pin Ceramic DIP (CD 018) 
N = 20-Pin Plastic Leaded Chip Carrier (PL 020) 
. TEMPERATURE RANGE 


Blank = Commercial (0 to + 70°C) 
M = Military* (-55 to + 125°C) 





Valid Combinations 


Valid Combinations list configurations planned to be 
Nollé Combinations supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations, to check on newly released valid combinations, 
and to obtain additional data on AMD's standard military 
grade products. 





* Military temperature range products are NPL (Non- 
Compliant Products List) or Non-MIL-STD-883C Compliant 
products only. 
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8284A/8284A-1 


PIN DESCRIPTION 


ee eee 


AEN, Address Enable Enable. The AEN signal is used to qualify the Bus Ready signal (RDY; or RDY2). AEN, validates RDY4 while 
AEN2 AENp validates RDY». It is possible for the processor to access two Multi-Master System Busses if you use both 
4, RDY1, 
RDY2 
15 ASYNC 


signals. Both signals are tied LOW in non Multi-Master Systems. 


Bus Ready. These signals are indications from a device located on the system bus that it is available or data has been 
received. RDY; and RDYo are qualified by AEN, and AENo respectively. 


Ready Synchronous Select. The ASYNC signal defines the synchronization mode of the READY logic. When ASYNG 
is Open (internal pull-up resistor is provided) or pulled HIGH, there is one stage of READY Synchronization. When 
ASYNC is LOW, there are two stages of READY Synchronization. 


READY Ready. READY is the synchronized RDY signal input. After the guaranteed hold time to the processor has been met, 
the READY signal is cleared. 
7, 16 X4.Xo Crystal In. These are the input pins for the attached crystal. The crystal frequency is 3 times the desired process clock 
frequency. 
Frequency/Crystal Select. When F/T is strapped HIGH, CLK is generated from the EFI input. When strapped LOW, 
the F/C allows the processor clock to be generated by the crystal. 


Te 


[10 stReser_ { 0 | 


rl — e 


External Frequency. Used in conjunction with a HIGH signal on F/C, CLK is generated from the input frequency 
appearing on this pin. The input signal is a square wave 3 times the frequency of the desired CLK output. 


Processor Clock. CLK is the clock output used by the processor and all devices which directly connect to the 
processor's local bus (including bipolar support chips and other MOS devices). An output HIGH of 4.5V (Vcc = 5V) is 
provided on this pin to drive MOS devices. The output frequency of CLK is 1/3 of the crystal on EFI input frequency 


and a 1/3 duty cycle. 


Peripheral Clock. This signal is a TTL level peripheral clock signal whose output frequency is 1/2 that of CLK and has 


a 50% duty cycle. 


wired to ground. 


DETAILED DESCRIPTION 
OSCILLATOR 


The oscillator circuit of the 8284A is designed primarily for use 
with a fundamental mode, series resonant crystal from which 
the operating frequency is derived. 


The crystal frequency should be selected at three times the 
required CPU clock. X1 and Xo are the two crystal input crystal 
connections. The output of the oscillator is buffered and 
brought out on OSC so that other system timing signals can be 
derived from this stable, crystal-controlled source. 


Two 5102 series resistors are optional for systems which 
have a Vcc ramp time greater than (or equal to) 1V/ms and/or 
inherent board capacitance between X1 or Xo exceeding 
10pF. This capacitance value should not include the 8284A's 
pin capacitance. By limiting the stray capacitance to less than 
1OpF on Xq or Xo, the deviation from the desired fundamental 
frequency is minimized. 


CLOCK GENERATOR 


The clock generator consists of a synchronous divide-by-three 
counter with a special clear input that inhibits the counting. 
This clear input, (CSYNC), allows the output clock to be 
synchronized with an external event (such as another 8284A 
clock). It is necessary to synchronize the CSYNC input to the 
EF! clock external to the 8284A (see Figure 1). This is 
accomplished with two Schottky flip-flops. The counter output 
is a 33% duty cycle clock at one-third the input frequency. 


The F/C input is a strapping pin that selects either the EFI 
input or the crystal oscillator as the clock for the + 3 counter. If 
the EFI input is selected as the clock source, the oscillator 
section can be used independently for another clock source. 
Output is taken from OSC. 
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ee Ga aoe al Oscillator Output. This signal is the TTL level output of the internal oscillator circuitry. Its frequency is equal to that of 
the crystal. 


Reset In. This signal is used to generate a RESET. The 8284A provides a Schmitt trigger input so that an RC 
connection can be used to establish the power-up reset of proper duration. 


Reset. This signal is used to reset the 8086 family processors. 


Clock Synchronization. This signal is designed to allow multiple 8284As to be synchronized to provide clocks that are 
in phase. CSYNC HIGH will reset the internal counters, when CSYNC goes LOW the counters will resume counting. 
CSYNC needs to be externally synchronized to EFl. When used with the internal oscillator, CSYNC should be hard 


CLOCK OUTPUTS 


The CLK output is a 33% duty cycle MOS clock driver 
designed to drive the 8086 or 8088 processors directly. PCLK 
is a TTL level peripheral clock signal whose output frequency 
is ¥2 that of CLK. PCLK has a 50% duty cycle. 


RESET LOGIC 


Reset logic for the 8284A is provided by a Schmitt trigger input 
(RES) and a synchronizing flip-flop to generate the reset 
timing. 


The reset signal is synchronized to the falling edge of CLK. A 
simple RC network can be used to provide power-on reset by 
utilizing this function of the 8284A. 


READY SYNCHRONIZATION 


Two READY inputs (RDY1, RDY2) are provided to accommo- 
date two Multi-Master system busses. Each input has a 
qualifier (AEN; and AENb, respectively). The AEN signals 
validate their respective RDY signals. If a Multi-Master system 
is not being used the AEN pin should be tied LOW. 


To assure RDY setup and nold times are met, synchronization 
is required for all asynchronous active going edges of either 
RDY input. Inactive-goinz edges of RDY (in normally ready 
systems) do not require synchronization, but must satisfy RDY 
setup and hold as a matter of proper system design. 


The two modes of RDY synchronization operation are defined 
by the ASYNC input. 


When ASYNC is LOW, two stages of synchronization are 
provided for active RDY input signals. Positive-going asyn- 
chronous RDY inputs will first be synchronized to flip-flop one 
at the rising edge of CLK and then synchronized to flip-flop 
two at the next falling edge of CLK; after which time the 
READY output will go active (HIGH). Negative-going asynchro- 





nous RDY inputs will be synchronized directly to flip-flop two at 
the falling edge of CLK, after which time the READY output will 
go inactive. This mode of operation is intended for use by 
asynchronous, (normally not ready), devices in the system 
which cannot be guaranteed by design to meet the required 
RDY setup timing taivcL on each bus cycle. 


When ASYNC is high or left open, the first READY flip-flop is 
bypassed in the READY synchronization logic. RDY inputs are 


synchronized by flip-flop two on the falling edge of CLK before 
they are presented to the processor. This mode is available for 
synchronous devices that can be guaranteed to meet the 
required RDY setup time. 


ASYNC can be changed on every bus cycle to select the 
appropriate mode of synchronization for each device in the 
system. 


Figure 1. CSYNC Synchronization 


CLOCK 
SYNCHRONIZE 


(TO OTHER 8284A8) 
DF000270 


CLOCK HIGH AND LOW TIME (USING Xj, XQ) 


LOAD 
(SEE NOTE 1) 


AF000631 


Ry = Ro=5102. 


CLOCK HIGH AND LOW TIME (USING EFI) 


PULSE 
GENERATOR 


LOAD 
(SEE NOTE 1) 


AF000620 
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8284A/8284A-1 





READY TO CLOCK (USING Xj, X92) 


Voc 


LOAD 
(SEE NOTE 1) 
LOAD 
(SEE NOTE 2) 


Pulse 
Generator 


Trigger 


AF004680 
Ry = Ro = 5102. 


READY TO CLOCK (USING EFI) 


PULSE EFI LOAD 
GENERATION (SEE NOTE 1) 


F/G 
TRIGGER AEN, 


PULSE RDY> 
GENERATION 


AEN, 
CSYNC READY 


AFOQ00611 


Notes: 1. C_ = 100pF 
2. Cy = 30pF 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature -65°C to +150°C Commercial (C) Devices 
Ambient Temperature with Powers Temperature 0°C to +70°C 
Applied Supply Voltage +4,75V to +5.25V 
(COML, A-1) 0°C to +70°C Milita’ . 
ry (M) Devices 
-55°C to + 125°C Temperature -55°C to +125°C 


All Output and Supply Voltages -0.5V to +7.0V ap eny 
All Input Voltage -1.0V to +5.5V Supply Voltage BV to +5. 


Power Dissipation 


L-V?8c8/VPscs 


Operating ranges define those limits between which the 
Stresses above those listed under ABSOLUTE MAXIMUM functionality and parameters of the device are guaranteed. 
RATINGS may cause permanent device failure. Functionality 

at or above these limits is not implied. Exposure to absolute 

maximum ratings for extended periods may affect device 

reliability. 


DC CHARACTERISTICS over operating ranges unless otherwise specified 


a a oe 
| Forward Input Current (ASYNC) ss] CV || 
ee 
[Reverse Input Current (ASYNC) | Coo CCT CTC 8 
ee 
| Vo Input Forward Clamp Voltage | st SMA ||| Volts 
| Ico =| Power Supply Curent | CY CT 
P Vu Input Low voltage | —“‘“‘(CS*Cé~édrSC‘(‘(‘CSNCCO(*dS C8] Volts | 
| Vins Input HIGH Voltage CT —(‘“C;S*™*S*™*;*;™;C*LSCO(O OT Volts 
-—vinn__[ oso input HGH Votage Pas s 
Cninanmaee———— ee 
a ee 
RES Input Hysteresis (Note 1) [eee = = a eee tf ag, Te lt 


Note 1. This specification is provided for reference only. 
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8284A/8284A-1 


SWITCHING TESTING CIRCUIT SWITCHING TESTING CIRCUIT SWITCHING TESTING WAVEFORM 
(CLK, READY) (CLK, READY) (input, output) 


Ry = 3250 


C, = 100pF 
Cc i 
il ‘ ik WF001870 


TC000670 TCO00680 


Ci = 100pF for CLK AC testing inputs are driven at 2.4V for 

CL = 30pF for READY a logic '1" and 0.45V for a logic "O". 
Timing measurements are made at 1.5V 
for both a logic "1" and ''0"'. 


SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified 


TIMING REQUIREMENTS 


| Parameters | _—Description —|—Test Conditions | Min__—_—_—i|Typ | Max | Units | 
tener | Extomal Frequency HIGH Time [80% -e0%Wm | 13 -+|_~—+i| +d | 
teen | External Frequency LOW Time ‘(10% -10%VN | 13 —~+| it ‘| 
EFI Peviod Twit (Note) «iY ewe ttenes | | 
(OMbAT. 
SO S00 Oa 
Ttriver | RDVi, ROYe Active Soup to CK ___—_[ASYNG=niGH | 8 —~| «dT Sid; 
Ttrivon | POV}, RDY2 Active Setup to CLK | ASYNG=tOw | ___35__| | | rs _| 


tRiVCL RDY1, RDY2 Inactive Setup to CLK 
tcLA1Xx RDY1, RDY2 Hold to CLK 

tayvcL ASYNC Setup to CLK 

tCLAYX ASYNC Hold to CLK 

taivAtV AEN, AEN2 Setup to RDY;, RDY2 


tCLA1X AEN}, AEN2 Hold to CLK Sea ae 


tyHEH CSYNC Setup to EFI 


CSYNC Hold to EFI - 


tEHYL 


CSYNC Width 

RES Setup to CLK 
RES Hold to CLK 
nput Rise Time rom 0.8V to 2.0V 


F; 
nput Fall Time From 2.0V to 0.8V 


tYHYL 
tHiHCL 
tCLitH 
tiLIH 
tL 


COM'L, A-1 
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TIMING RESPONSES 
Description Test Conditions | Min__—_—i| Typ | Max | Units | 
Ca a 


1 
MIL, COM'L 2/3 -15 
tCLCH CLK LOW Time (2/3 tcicv) 


1 


t 
cial aes CLK Rise or Fall Time 1.0V to 3.5V aa 
tcLacu 


tPHPL PCLK HIGH Time tcc. - 20 


© 
N 
@ 
ey 
> 
~ 
© 
NO 
© 
fo 
? 
oh 


as 

a 

a 
tPLPH POLK LOW Time tcc 20 «| CC 
tRYHCH Ready Active to CLK (See Note 3) ical ee ae 
toLoH From 0.8V to 2.0V Pe 
toHoL From 2.0V to 0.8V ian 


Notes: 1. 5 =EFI rise (5ns max) + EFI fall (ns max). 
2. Setup and hold necessary only to guarantee recognition at next clock. 
3. Applies only to Tg and Tw states. 
4. Applies only to To states. 


1 


cet 
Po 
4 
4 
4 
fees =| 
| 22 | 
| 22 
| 22 | 
| 35 
| 20 | 
a 


SWITCHING WAVEFORMS 





CLOCKS AND RESET SIGNALS 


"Cunn ese “nee 


WF002530 


Note: All timing requirements are made at 1.5 volts, unless otherwise noted. 
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8284A/8284A-1 


READY SIGNALS (FOR ASYNCHRONOUS DEVICES) 


toaix 


fawen 


Scunmix 


Tarai 
"Cua 


Sayver 


teLavx 


WF002520 


READY SIGNALS (FOR SYNCHRONOUS DEVICES) 


toLrix 


tcLayx 


NAYLCL 


WF002510 
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8288 


Bus Controller 


DISTINCTIVE CHARACTERISTICS 


@ Bipolar drive capability 
@ Three-state output drivers 


8828 


@ Multi-master or 1/O bus interface 
@ Flexible system configurations 


GENERAL DESCRIPTION 


The 8288 optimizes 8086 or 8088 operations by providing 
command and control timing generation when the CPU is in 
maximum mode. It provides for highly flexible configura- 


tions for larger systems. It also adds powerful bipolar drive 
capability to the system. 


The 8288 is implemented in bipolar technology in a 20-pin 
plastic or ceramic DIP. 


BLOCK DIAGRAM 








D/A 
Se ADORESS LATCH, DATA 
TRANSCEIVER, 


AND 


MCE/PDEN { INTERRUPT CONTROL 
SIGNALS 


ALE 


BD001570 


Publication # Rev. Amendment 
03358 Cc /0 
{ssue Date: April 1987 


8288 


CONNECTION DIAGRAM 
Top View 


CD001840 


Note: Pin 1 is marked for orientation. 


ORDERING INFORMATION 


Commodity Products 


AMD commodity products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: a. Temperature Range 

b. Package Type 

c. Device Number 

d. Speed Option 

e. Optional Processing 


. OPTIONAL PROCESSING 
Blank = Standard processing 
B = Burn-in 


. SPEED OPTION 
Not Applicable 


. DEVICE NUMBER/DESCRIPTION 
8288 
Bus Controller 


. PACKAGE TYPE 
P = 20-Pin Plastic DIP (PD 020) 
D=20-Pin Ceramic DIP (CD 020) 


. TEMPERATURE RANGE 
Blank = Commercial (0 to + 70°C) 


Valid Combinations 
. Valid Combinations list configurations planned to be 
Vv : ‘ i 
ale compinations supported in volume for this device. Consult the local AMD 
| oo | sales office to confirm availability of specific valid 
combinations, to check on newly released valid combinations, 


and to obtain additional data on AMD's standard military 
grade products. 
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PIN DESCRIPTION 


19, 3, 18 So, $1, S2 Status. These signals are the status input pins from the microprocessor. The 8288 decodes these inputs to generate 
command and control signals. 


aa ees ee Clock. Clock signal from the clock generator. 


ALE Address Latch Enable. This signal strobes an address into the address latches. The latching occurs on the falling 
edge (HIGH to LOW) transition. 


IDEN =| Of Data Enable. This signal enables the data transceivers onto the data bus (local or system). 
14 DT/R | Oo | Data Transmit/Receive. This signal determines the direction of data flow through the transceivers. 


ae ee aa Address Enable. This signal enables the 8288 command outputs at least 115ns after it becomes active LOW. When 


ioc] 
N 
foe] 
foe] 


this pin goes inactive, it 3-states the command cutput drivers. 


16 CEN Command Enable. This signal, when LOW, enables all command outputs and the DEN and PDEN control outputs are 
forced to their inactive states. 
1 Input/Output Bus Mode. When strapped HIGH, the 8288 functions in the I/O Bus mode. When LOW, the 8288 
functions in the System Bus mode. 
aie AlIOWG Advanced I/O Write Command. The AI1OWC gives I/O devices early indication of a write instruction by issuing an !/O 


Write Command earlier in the machine cycle. 
1 W 
R 


oO 1/O Write. This signal tells an I/O device to read the data on the data bus 
10 1/O Read. This signal tells an I/O device to drive its data onto the data bus. 
AM 


So [vo wits. Tis 5 i 3 
ere 

los 

os | o 


memory write command earlier in the machine cycle. 


Memory Write. This signal instructs the memory to record the data present on the data bus. 


Memory Read. This signal instructs the memory to drive its data onto the data bus. 


Interrupt Acknowledge. This signal informs the interrupting device that its interrupt has been acknowledged and drives 
the vectoring information onto the data bus. 


Master Cascade Enable/ Peripheral Data Enable. Dual Function pin: MCE (IOB LOW): This signal occurs during an 
interrupt sequence. Its function is to read a Cascade Address from a master Priority Interrupt Controller onto the data 
bus. PDEN (IOB HIGH): This signal enables the data bus transceiver for the I/O Bus during I/O instructions. It 
performs the same function for the 1/O Bus that DEN performs for the system bus. 


Advanced Memory Write. The AMWC gives memory devices an early indication of a write instruction by issuing a 
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PDEN 


DETAILED DESCRIPTION 
COMMAND AND CONTROL LOGIC 





peripherals dedicated to one processor exist in a multiproces- 
sor based system. 


SYSTEM BUS MODE 


The 8288 is put into the System Bus mode by strapping the 
1OB pin LOW. This mode is used when only one bus exists. No 
command is issued until 115ns after the AEN line is activated. 
Bus arbitration is assumed, and this logic will inform the bus 
controller via the AEN line when the bus is free for use. Both I/ 
O commands and memory wait for bus arbitration. 


COMMAND OUTPUTS 


To prevent the processor from entering unnecessary wait 
states, the advanced write commands initiate write procedures 
early in the machine cycle. 





The command logic decodes the three CPU status lines (So, 
$1, Sa) to determine what command is to be issued. 


This chart shows the meaning of each status ''word." 


8288 
Processor State Command 


| 0} 0 | 4 [interrupt Acknowledge [INTA 
FO} o|1 [Read vo Pot [TORS 
FO] 1] 0 [write VO Pon [TOWC, AIOWC | 


Poff [War ———dNone 
[0 [0 |coe Access eros | 
Pi [os [reed Memoy [ros —_—_—| 
PoP To wets Memory | RTG, eTS_ 
Pfs restive [none | 


The command outputs are: 

Memory Read Command 

Memory Write Command 

1/0 Read Command 

1/0 Write Command 
AMWC - Advanced Memory Write Command 
AlOWC - Advanced I/O Write Command 
INTA - Interrupt Acknowledge 





HO;BUS.MODE INTA (Interrupt Acknowledge) acts as an I/O read during an 


interrupt cycle. Its purpose is to inform an interrupting device 
that its interrupt is being acknowledged and that it should 
place vectoring information onto the data bus. 


CONTROL OUTPUTS 


The 8288 is put into the |/O Bus mode by strapping the [OB 
pin HIGH. This mode allows one 8288 Bus Controller to 
handle two external buses. This allows the CPU to access the 
1/O Bus with no waiting involved. In the !/O Bus Mode, all |/O 
command lines (INTA, TORC, IOWC, AIOWC) are always 


enabled. When the processor initiates an |!/O Command, the 
8288 immediately activates the command lines using PDEN 
and DT/R to control the I/O bus transceiver. There is no 
arbitration present in this system, so the |1/O command lines 
should not be used to control the system bus. Normal memory 
access requires a ''Bus Ready" signal (AEN LOW) before it 
will proceed. The |OB mode is recommended if I/O or 
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The Data Enable (DEN), Data Transmit/Receive (DT/R) and 
Master Cascade Enable/Peripheral Data Enable (MCE/ 
PDEN) are the contro! outputs of the 8288. The DEN signal 
determines when the external bus should be enabled onto the 
local bus while the DT/R determines the direction of the data 
transfer. These two signals usually go to the chip select and 
direction pins of a transceiver. 





8288 


The MCE/PDEN function is determined by the IOB selection. 
When IOB is HIGH the PDEN serves as a dedicated data 
enable signal for the 1/O or Peripheral System Bus. 


INTERRUPT ACKNOWLEDGE AND MCE 


The MCE signal is used during an interrupt acknowledge cycle 
if the 8288 is in the System Bus mode (IOB Low). An interrupt 
sequence consists of two interrupt acknowledge cycles occur- 
ring back to back. No data or address transfers take place 
during the first cycle. Logic should be provided to mask off 
MCE during this cycle. Just before the second cycle begins 
the MCE signal gates a master Priority Interrupt Controller's 
(PIC) cascade address onto the processor's local bus where 
ALE (Address Latch Enable) strobes it into the address 
latches. On the leading edge of the second interrupt cycle the 
addressed slave PIC gates an interrupt vector onto the system 
data bus where it is read by the processor. 
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The MCE signal is not used if the system only contains one 
PIC. If this is the case the second Interrupt Acknowledge 
signal gates the interrupt vector onto the processor bus. 


ADDRESS LATCH ENABLE AND HALT 


Address Latch Enable (ALE) occurs during each machine 
cycle and serves to strobe the current address into the 
address latches. ALE also serves to strobe the status (So, 5S}, 
So) into a latch for halt state decoding. 


COMMAND ENABLE 


The Command Enable (CEN) input acts as a command 
qualifier for the 8288. If the CEN pin is HIGH the 8288 
functions normally. If the CEN pin is pulled LOW, all command 
lines are held in their inactive state (not 3-state). This feature 
can be used to implement memory partitioning and to elimi- 
nate address conflicts between system bus devices and 
resident bus devices. 





ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature -65°C to +150°C Commercial (C) Devices 
Temperature (Ambient) Under Bias 0°C to +70°C Temperature 0°C to +70°C 
All Output and Supply Voltages -0.5V to +7.0V Supply Voltage +4,75V to +5.25V 
All Input Voltage -1.0V to +5.5V Milita , 

erent ry (M) Devices 
Power DisSipation .......ccccscsesseseeseceseseneaesenseneuees 1.5W Temperature ~55°C to +125°C 
Stresses above those listed under ABSOLUTE MAXIMUM Supply Voltage +4.5V to +5.5V 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute Operating ranges define those limits between which the 
maximum ratings for extended periods may affect device functionality of the device is guaranteed. 
reliability. 
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DC CHARACTERISTICS over operating ranges unless otherwise specified 


[Parameters | Description =| Set Conditions = |= Min._—|_—s Max | Units | 
P ve | trput Camp votage SSS gma SCdSSCSCSC*d St 
[toc | Power Supply Curent’ SSC SSS SSS 2m 
Tie | Forward input Curent _———+|_veeoasv—SSidSSSSCSC~*dC 0m 
[ta | Reverse Input Curent | Va=voc_—*+dY Sid SA 
Se Coe con oe 

[ontol Guipus————SSSSSC~d Stem CPCdT 
Po (SR ee 

FContol Outputs SSCS A CSC~‘“dSC‘ CdS 
PV [input Low votaga SSCS 


[Vie | Input High Votage _—_——— i eh | 
Three Stale Leakage Vorr=04 w 625V p76 | Fi 


<< bh 


1. 


S 


3 
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SWITCHING TEST CIRCUIT 


3-State to High Command Output Test Load Control Output Test Load 


2.44V 2.28V 


15V 
1800 52.72 
OUT OUT 
i id 


300pF Ai 80pF 


TC000810 TC000800 7000790 


SWITCHING TEST INPUT, OUTPUT WAVEFORM 
Input/Output 


2.4 
1.5 =— TEST POINTS —= 1.5 
0.45 


WF001870 


AC Testing: Inputs are driven at 2.4V for a logic ''1" and 0.45V for a logic ''0."" The clock is driven at 4.3V 
and 0.25V. Timing measurements are made at 1.5V for both a logic "1" and "0." 


SWITCHING CHARACTERISTICS (Ta = + 25°C, Vcc = 5.0V) 


Description Test Conditions | Min | Max | Units | 


Timing Requirements 











Proc. UK Oo Pens OC—“—*~—stiSC“‘CS;MUCOC*SdSCOO' TC? 
PUGH Cow We | 
Oc a 
PTsvcH | Status Active Soup Time] CSCS™C~C—CSCSCSi S| ds 
PTCHSV__—[Status Active Hold Time dT C™C~C“C—sSCSCSCCCCC YT 1! Cd 
PTSHCL | Status Inactive Setup Time ——SC~iCSCSCSC~C~C~C~‘—‘—~C~C~S~C~CS~S | =i rs 
PTCLsH | Status inactive Hold Time —CdTCCS™C~—‘C;C™~™~SCSCSC| 1 | Cds 
PTH [input Rise Timo —SSSSCSCSC*C*d TOO OVSSCSC~‘“SC‘“‘(!C @O *|ons_— 
Input Fall Time [From 2.0V to08V 0? ts 

Timing Responses 

TCMCH ALE MCE Active Delay (from CLK) 

TSVMCH ALE MCE Active Delay (from Status) 
een 
lon = -5mA 
OC. = 300pF 
lo. = 16mA 

lon =-1.0mMA 

CL = 80pF 
PTOLOH | Output Rise Time —SSSS~=~“~*~*~*~*~*~*dr OMB OVSSCSSC*dESCSC*‘(CSCO Cons _— 
| TOHOL | Output Fall Time From zovitoev ts 


3-404 


SWITCHING WAVEFORMS 


ao 
Nh 
oe 
eo 


STATE ~———— % T T2 


fr TCLCH 
ia 


\ 


AOOR WRITE 





PDEN (WRITE) 


READ) 


iB ( 
OT/R  inta) 


WF002110 


Notes: 1. Address/data bus is shown only for reference purposes. 
2. Leading edge of ALE and MCE is determined by the falling edge of CLK or status going active, 
whichever occurs last. 
3. All timing measurements are made at 1.5V unless specified otherwise. 
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8288 


OUTPUT 
COMMAND 


SWITCHING WAVEFORMS (Cont.) 
DEN, PDEN QUALIFICATION TIMING 


TCEVNV 


WF002040 


ADDRESS ENABLE (AEN) TIMING (3-STATE ENABLE/DISABLE) 


WF002050 


Note: CEN must be low or valid prior to Ta to prevent the command from being generated. 
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AMD LITERATURE 


To obtain literature in the U.S., write or call the AMD Literature Distribution Center, 901 Thompson Place, P.O. Box 3453 — M/S 82, 
Sunnyvale, CA 94088; (408) 732-2400, TOLL FREE (800) 538-8450. To obtain literature from international locations, contact the 
nearest AMD sales office or distributor (see listings in the back of this publication). 


The 8051 Family 


of 8-Bit Single-Chip Microcontrollers 


8031AH/8051AH/8053AH 
8751H/8753H 
80C31BH/80C51BH 
80C321/80C521 
80535/80515 


Boolean Processor 

Bit-Addressable RAM 

Programmable Full-Duplex Serial Channel 
64K Bytes Program Memory space 

64K Bytes Data Memory space 


INTERNAL MEMORY 


ROM EPROM RAM 
(bytes) (bytes) (bytes) 
- 8K 
8K 


DEVICE 


8753H 
8053AH 
8751H 
8051AH 
8031AH 


80515 
80535 


80C521 
800321 
80C51 
80031 


TECH 


INTRODUCTION 


The 8051 is a stand-alone, high-performance, single-chip 
microcontroller intended for use in sophisticated real-time 
applications such as intelligent computer peripherals, in- 
strumentation and industrial control. It provides the hard- 
ware features, architectural enhancements and instructions 
that make it a powerful and cost-effective controller. 


AMD is using the 8051 core as a basic building block, to 
which we are adding new functions to address the demand 
for increased integration and performance. The 80C521 
has double the on-chip memory around an 80C51 core — 
8K bytes of ROM and 256 bytes of RAM. A sophisticated, 
programmable watchdog timer is provided as a means of 
graceful recovery from unexpected input conditions, exter- 
nal events and programming anomalies. A second data 
pointer was also added which facilitates external memory 
block moves, saving both execution time and code space. 
The 80C321 is the ROMless version of the 80C521. 


The 80515 is an application-specific version with an on- 
board A/D converter and watchdog timer, which makes it 
ideal for motor control applications — whether for automo- 
tive engines, VCR motors, sewing machines, vending 
machines, etc. The 80535 is the ROMless version of the 
80515. 
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32 I/O Lines (Four 8-bit Ports) 

- Six 8-Bit Ports on 80515/535 
Dual Data Pointers on 80C521/321 
8-Bit A/D Converter on 80515/535 
Security Feature on EPROM Devices 
On-Chip Oscillator/Clock Circuitry 


Timers/ 
Counters | Watchdog 
(16-bit) 


MPNNMNMD WHO MNNMND Ph 


The 8751 and 8753 are EPROM versions of the 8051 and 
8053 respectively. These socket-compatible EPROM ver- 
sions allow the user to accelerate end product introduction 
by avoiding the leadtimes associated with ROM devices. 


The 8053 is an NMOS device with 8K bytes of on-chip 
ROM. It is pin-compatible with the 8051 and retains all the 
8051 features. It is designed for those 8051 applications 
where 4K bytes of program memory just aren't enough. The 
8753, formerly the 9761, is the 8K byte EPROM version of 
the 8053. 


The 80C31 and 80C51 are CMOS versions of the popular 
8031 and 8051. Naturally the 80C31 and 80C51 offer lower 
power consumption and faster speeds. !n addition to the 
power savings of normal operation, these CMOS devices 
feature an Idie and a Power-Down Mode to further con- 
serve power. Both the 80C31 and 80C51 are offered in the 
standard 12 MHz and the faster 16 MHz versions. 


AMD's Microcontroller Family —the industry-standard 
8051 microcontroller with added functionality, integration 
and performance. Matching the market needs with AMD's 
products offering. 








8031AH/8051AH/8053AH 


8031AH/8051AH/8053AH 


Single-Chip 8-Bit Microcontroller 


DISTINCTIVE CHARACTERISTICS 


4K x8 ROM (8051 only) 

8K x8 ROM (8053 only) 

128x8 RAM 

Four 8-bit ports, 32 I/O lines 
Two 16-bit timer/event counters 
64K addressable Program Memory 


All versions are pin-compatible 

Boolean processor 

Programmable Serial Port 

Five interrupt sources/two priority levels 
On-chip Oscillator/Clock Circuit 

64K addressable Data Memory 


GENERAL DESCRIPTION 


The 8051 Family is optimized for control applications. Byte 
processing and numerical operations on small data struc- 
tures are facilitated by a variety of fast addressing modes 
for accessing the internal RAM. The instruction set pro- 
vides a convenient menu of 8-bit arithmetic instructions, 
including multiply and divide instructions. Extensive on-chip 
support is provided for 1-bit variables as a separate data 


type. This allows direct bit manipulation and testing in 
control and logic systems that require Boolean processing. 
Efficient use of program memory results from an instruction 
set consisting of 44% 1-byte, 41% 2-byte, and 15% 3-byte 
instructions. With a 12 MHz crystal, 58% of the instructions 
execute in 1 ps, 40% in 2 us, and multiply and divide 
require only 4 ys. 


BLOCK DIAGRAM 


FREQUENCY 
REFERENCE 


OSCILLATOR ROM 
& 4K BYTES - 8051 


TIMING 8K BYTES - 8053 


64K BYTE BUS 
EXPANSION 
CONTROL 


INTERRUPTS 


INTERRUPTS CONTROL 


COUNTERS 


TWO 16-BiT 
TIMER/EVENT 
COUNTERS 


RAM 
128 BYTES 


PROGRAMMABLE 
SERIAL PORT 
* FULL DUPLEX 


PROGRAMMABL 
ne. SEN ee UART 


* SYNCHRONOUS 
SHIFTER 


PARALLEL PORTS SERIAL SERIAL 
ADDRESS DATA BUS IN OUT 
AND 1/0 PINS 
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Publication # Rey. Amendment 
07839 B /0 
Issue Date: June 1987 





CONNECTION DIAGRAMS 
Top View 
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LOGIC SYMBOL 


C2 = 30 pF 
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8031AH/8051AH/8053AH 


ORDERING INFORMATION 


Commodity Products 


AMD commodity products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: a. Temperature Range 

b. Package Type 

c. Device Number 

d. Speed Option 

e. Optional Processing 


8053AH 


ES e. OPTIONAL PROCESSING 
Blank = Standard processing 
B = Burn-in 


d. SPEED OPTION 
Blank = 12 MHz 
-15 = 15 MHz* 
-18 = 18 MHz* 


c. DEVICE NUMBER/DESCRIPTION 
8031AH/8051AH/8053AH 
Single-Chip 8-Bit Microcontroller 


b. PACKAGE TYPE 
P = 40-Pin Plastic DIP (PD 040) 
D = 40-Pin Ceramic DIP (CD 040) 
N = 44-Pin Plastic Leaded Chip Carrier (PL 044) 


a. TEMPERATURE RANGE** 
Blank = Commercial (0 to + 70°C) 
|= Industrial (~40 to +85°C)* 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local | Valid Combinations Combinations 


AMD sales office to confirm availability of specific valid 8031AH-18 
combinations, to check on newly released valid 
combinations, and to obtain additional data on AMD's. | B031AH-15 | | B031AH-15 | 
standard military grade products. | g031AH—s | g031AH—s 
“Available only for the 8031AH at time of printing. | 8051AH 
; ae : ere a 
**This device is also available in Military temperature 


range. See MOS Microprocessors and Peripherals FS 8031AHB 


Military Handbook (Order # 09275A/0) for electrical 
performance characteristics. 
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PIN DESCRIPTION 


Port 0 (Bidirectional, Open Drain) 
Port 0 is an open-drain I/O port. As an Output Port, each pin 
can sink eight LS TTL inputs. Port 0 pins that have ''1''s 
written to them float, and in that state can be used as high- 
impedance inputs. 


Port 0 is also the multiplexed LOW-order address and data 
bus during accesses to external Program and Data Memory. 
In this application it uses strong internal pullups when 
emitting ''1''s. Port 0 also outputs the code bytes during 
program verification in the 8051AH and 8053AH. External 
pullups are required during program verification. 


Port 1 (Bidirectional) 

Port 1 is an 8-bit bidirectional I/O port with internal pullups. 
The Port 1 output buffers can sink/source four LS TTL 
inputs. Port 1 pins that have ''1''s written to them are pulled 
HIGH by the internal pullups and — while in this state — 
can be used as inputs. As inputs, Port 1 pins that are 
externally being pulled LOW will source current (Ij_ on the 
data sheet) because of the internal pullups. 


Port 1 also receives the LOW-order address bytes during 
program verification. 


Port 2. (Bidirectional) 

Port 2 is an 8-bit bidirectional !/O port with internal pullups. 
The Port 2 output buffers can sink/source four LS TTL 
inputs. Port 2 pins having ''1''s written to them are pulled 
HIGH by the internal pullups and — while in this state — 
can be used as inputs. As inputs, Port 2 pins externally 
being pulled LOW will source current (lj_) because of the 
internal pullups. 


Port 2 emits the HIGH-order address byte during fetches 
from external Porgram Memory and during accesses to 


external Data Memory that use 16-bit addresses (MOVX 
@DPTR). In this application it uses strong internal pullups 
when emitting ''1"'s. During accesses to external Data 
Memory that use 8-bit addresses (MOVX @Ri), Port 2 emits 
the contents of the P2 Special Function register. 


Port 2 also receives the HIGH-order address bits during 
ROM verification. 


Port 3 (Bidirectional) 

Port 3 is an 8-bit bidirectional !/O port with internal pullups. 
The Port 3 output buffers can sink/source four LS TTL 
inputs. Port 3 pins having ''1''s written to them are pulled 
HIGH by the internal pullups and — while in this state — 
can be used as inputs. As inputs, Port 3 pins externally 
being pulled LOW will source current (Ij_) because of 
pullups. 


Port 3 also serves the functions of various special features 
as listed below: 


Pert Pa Alternate Function 


RxD (Serial Input Port) 

TxD (Serial Output Port) 

INTo (External Interrupt 0) 

INT, (External Interrupt 1) 

To (Timer 0 External Input) 

Ty (Timer 1 External Input) 

WR (External Data Memory Write Strobe) 


RD (External Data Memory Read Strobe) 
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RST Reset (Input; Active HIGH) 
A HIGH on this pin — for two machine cycles while the 
oscillator is running — resets the device. 


ALE Address Latch Enable (Output; Active HIGH) 
Address Latch Enable output pulse for latching the LOW 
byte of the address during accesses to external memory. 
ALE can drive eight LS TTL inputs. 


In normal operation ALE is emitted at a constant rate of 1/6 
the oscillator frequency, allowing use for external-timing or 
clocking purposes. Note, however, that one ALE pulse is 
skipped during each access to external Data Memory. 


PSEN Program Store Enable (Output; Active LOW) 
PSEN is the read strobe to external Program Memory. PSEN 
can drive eight LS TTL inputs. When the device is executing 
code from an external program memory, PSEN is activated 
twice each machine cycle — except that two PSEN 
activations are skipped during each access to external Data 
Memory. PSEN is not activated during fetches from internal 
Program Memory. 


EA  €External Access Enable (Input; Active LOW) 


EA must be externally held LOW to enable the device to 
fetch code from external Program Memory locations 0000H 
to OFFFH (0000H to 1FFFH in the 8053AH). If EA is held 
HIGH, the 8051AH executes from internal Program Memory 
unless the program counter contains an address greater 
than OFFFH (1FFFH in the 8053AH). 


XTAL; Crystal (Input) 
Input to the oscillator's high-gain amplifier. Required when a 
crystal is used. Connect to Vss when external source is 
used on XTALo. 


XTAL2 Crystal (Output) 
Output from the oscillator's amplifier. Input to the internal 
timing circuitry. A crystal or external source can be used. 


Vcc Power Supply 
Vss__ Circuit Ground 
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8031AH/8051AH/8053AH 


FUNCTIONAL DESCRIPTION 


The term ''8051'' shall be used to refer collectively to the 
8051AH, 8031AH, and 8053AH. 


8051 CPU Architecture 


The 8051 CPU manipulates operands in three memory 
spaces. These are the 64K-byte Program Memory, 64K-byte 
External Data Memory and 256-byte Internal Data Memory. Of 
the 64K bytes of Program Memory space, the lower 4K bytes 
on the 8051AH (addr. O000H to OFFFH) and the lower 8K 
bytes of the 8053AH (addr. OOOOH to 1FFFH) may reside on- 
chip. The Internal Data Memory address space is further 
divided into the 128-byte Internal Data RAM and 128-byte 
Special Function Register (SFR) address spaces shown in 
Figure 1. 


Four Register Banks (each with eight registers), 128 address- 
able bits and the stack reside in the Internal Data RAM. The 
stack depth is limited only by the available Internal Data RAM 
and its location is determined by the 8-bit stack pointer. All 
registers except the four 8-Register Banks reside in the 
Special Function Register address space. These memory 
mapped registers include arithmetic registers, pointers, 1/O 
ports, interrupt system registers, timers, and a serial port. 
Ninety-two bit locations in the SFR address space are 
addressable as bits. The 8051 contains 128 bytes of Internal 
Data RAM and 20 SFRs. 


The 8051 provides a non-paged Program Memory address 
space to accommodate relocatable code. Conditional branch- 
es are performed relative to the Program Counter. The base- 
register-plus-index register-indirect jump permits branching 


INTERNAL 
(EA = 1) 


EXTERNAL 
(EA = 0) 


nn eel 
PROGRAM MEMORY 


relative to a 16-bit base register with an offset provided by an 
8-bit index register. Sixteen-bit jumps and calls permit branch- 
ing to any location in the contiguous 64K Program Memory 
address space. 


The 8051 has five methods for addressing source operands: 
Register, Direct, Register-Indirect, Immediate, and Base-Re- 
gister-plus-Index-Register-Indirect Addressing. The first three 
methods can be used for addressing destination operands. 
Most instructions have a ''destination, source’ field that 
specifies the data type, addressing methods, and operands 
involved. For operations other than moves, the destination 
operand is also a source operand. 


Registers in the four 8-Register Banks can be accessed 
through Register, Direct, or Register-Indirect Addressing; the 
128 bytes of internal Data RAM through Direct or Register- 
Indirect Addressing; and the Special Function Registers 
through Direct Addressing. External Data Memory is accessed 
through Register-Indirect Addressing. Look-Up-Tables resi- 
dent in Program Memory can be accessed through Base- 
Register-plus-Index-Register-Indirect Addressing. 


The 8051 is classified as an 8-bit machine since the internal 
ROM, RAM, Special Function Registers, Arithmetic Logic Unit, 
and external data bus are each 8-bits wide. The 8051 
performs operations on bit, nibble, byte, and double-byte data 
types. 


The 8051 has extensive facilities for byte transfer, logic, and 
integer arithmetic operations. It excels at bit handling since 
data transfer, logic, and conditional branch operations can be 
performed directly on Boolean variables. 


SPECIAL 
FUNCTION 
REGISTERS 


INTERNAL 
DATA RAM 


ee, 
INTERNAL DATA MEMORY 


EXTERNAL 
DATA 
MEMORY 
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Figure 1. 8051 Memory Organization 
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Special Function Register Map 


Addr Default 
(Hex) Power-On Reset 
80 * PO 


Port 0 11111111 
Stack Pointer 00000111 
Data Pointer Low 00000000 
Data Pointer High 00000000 
Power Control OXXX0000 
Timer/Counter Control 00000000 
Timer/Counter Mode Control 00000000 
Timer/Counter 0 Low Byte 00000000 
Timer/Counter 1 Low Byte 00000000 
Timer/Counter 0 High Byte 00000000 
Timer/Counter 1 High Byte 00000000 
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Port 1 
Serial Control 


Serial Data Buffer 


Port 2 


Interrupt Enable Control 


Port 3 


Interrupt Priority Control 
Program Status Word 


Accumulator 
B Register 


Bit Addressable 


8051 Instruction Set 


The 8051AH, 8031AH, and 8053AH share the same instruc- 
tion set. It allows expansion of on-chip CPU peripherals and 
optimizes byte efficiency and execution speed. Efficient use of 
program memory results from an instruction set consisting of 
49 single-byte, 45 two-byte,and 17 three-byte instructions. 
When using a 12-MHz oscillator, 64 instructions execute in 1 
us and 45 instructions execute in 2 ys. The remaining 
instructions (multiply and divide) execute in only 4 ys. The 
number of bytes in each instruction and the number of cycles 
required for execution are listed in Table 1. 


On-Chip Peripheral Functions 


In addition to the CPU and memories, an interrupt system, 
extensive |/O facilities, and several peripheral functions are 
integrated on-chip to relieve the CPU of repetitious, complicat- 
ed, or time-critical tasks and to permit stringent real-time 
control of external system interfaces. The extensive I/O 
facilities include the I/O pins, parallel I/O ports, bidirectional 
address/data bus, and the serial port for 1/O expansion. The 
CPU peripheral functions intergrated on-chip are the two 16-bit 
counters and the serial port. All of these work together to 
boost system performance. 


Interrupt System 


External events and the real-time-driven on-chip peripherals 
require service by the CPU asynchronous to the execution of 
any particular section of code. To tie the asynchronous 
activities of these functions to normal program execution, a 
sophisticated multiple-source, two-priority-level, nested inter- 
rupt system is provided. Interrupt response latency ranges 
from 3 ys to 7 ws when using a 12 MHz crystal. 


The 8051 acknowledges interrupt request from five sources: 
Two from external sources via the INTo and INT, pins, one 
from each of the two internal counters and one from the serial 


11111111 
00000000 
Indeterminate 
11111111 
OXX00000 
11111111 
XXX00000 
00000000 
00000000 
00000000 


1/O port. Each interrupt vectors to a separate location in 
Program Memory for its service program. Each of the five 
sources can be assigned to either of two priority levels and 
can be independently enabled and disabled. Additionally all 
enabled sources can be globally disabled or enabled. Each 
external interrupt is programmable as either level- or transi- 
tion-activated and is active-LOW to allow the "wire or-ing'' of 
several interrupt sources to the input pin. The interrupt system 
is shown diagrammatically in Figure 2. 


I/O Facilities 


The 8051 has instructions that treat its 32 I/O lines as 32 
individually addressable bits and as four parallel 8-bit ports 
addressable as Ports 0, 1, 2 and 3. Ports 0, 2, and 3 can also 
assume other functions. Port 0 provides the multiplexed low- 
order address and data bus used for expanding the 8051 with 
standard memories and peripherals. Port 2 provides the high- 
order address bus when expanding the 8051 with External 
Program Memory or External Data Memory. The pins of Port 3 
can be configured individually to provide external interrupt 
request inputs, counter inputs, the serial port's receiver input 
and transmitter output, and to generate the control signals 
used for reading and writing External Data Memory. The 
generation or use of an alternate function on a Port 3 pin is 
done automatically by the 8051 as long as the pin is 
configured as an input. The configuration of the ports is shown 
on the 8051 Logic Symbol. 


Open-Drain I/O Pins 


Each pin of Port 0 can be configured as an open drain output 
or as a high-impedance input. Resetting the microcomputer 
programs each pin as an input by writing a one (1) to the pin. If 
a zero (0) is later written to the pin it becomes configured as 
an output and will continuously sink current. Rewriting a one 
(1) to the pin will place its output driver in a high-impedance 
state and configure the pin as an input. Each I/O pin of Port 0 
can sink/source eight LS TTL loads. 
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Figure 2. 8051 Interrupt System 


Quasi-Bidirectional 1/0 Pins 


Ports 1, 2 and 3 are quasi-bidirectional buffers. Resetting the 
microcomputer programs each pin as an input by writing a one 
(1) to the pin. If a zero (0) is later written to the pin it becomes 
configured as an output and will continuously sink current. Any 
pin that is configured as an output will be reconfigured as an 
input when a one (1) is written to the pin. Simultaneous to this 
reconfiguration, the output driver of the quasi-bidirectional port 
will source current for two oscillator periods. Since current is 
sourced only when a bit previously written to a zero (0) is 
updated to a one (1), a pin programmed as an input will not 
source current into the TTL gate that is driving it if the pin is 
later written with another one (1). Since the quasi-bidirectional 
output driver sources current for only two oscillator periods, an 
internal pull-up resistor of approximately 20 to 40 kQ is 
provided to hold the external driver's loading at a TTL HIGH 
level. Ports 1, 2, and 3 can sink/source four LS TTL loads. 


Microprocessor Bus 


When accessing external memory the HIGH-order address is 
emitted on Port 2 and the LOW-order address on Port 0. The 
ALE signal is provided for strobing the address into an external 
latch. The program store enable (PSEN) signal is provided for 
enabling an external memory device to Port 0 during a read 
from the Program Memory address space. When the MOVX 
instruction is executed, Port 3 automatically generates the 
read (RD) signal for enabling an External Data Memory device 
to Port 0 or generates the write (WR) signal for strobing the 
external memory device with the data emitted by Port 0. Port 0 
emits the address and data to the external memory through a 
push/pull driver that can sink/source eight LS TTL loads. At 
the end of the read/write bus cycle, Port 0 is automatically 
reprogrammed to its high-impedance state and Port 2 is 
returned to the state it had prior to the bus cycle. The 8053AH 
generates the address, data, and control signals needed by 
memory and 1/O devices in a manner that minimizes the 
requirements placed on external program and data memories. 


Timer Event Counters 


The 8051 contains two 16-bit counters for measuring time 
intervals and pulse widths, for counting events, as well as for 
generating precise, periodic interrupt requests. Each can be 
programmed independently to one of the following three 
modes: 


Mode 0 - similar to an 8048 8-bit timer or counter with divide 
by 32 prescaler. 


Mode 1 -— 16-bit time-interval or event counter. 


Mode 2 -8-bit time-interval or event counter with automatic 
reload upon overflow. 


Additionally, counter 0 can be programmed to a mode that 
divides it into one 8-bit time-interval or event counter and one 
8-bit time-interval counter (Mode 3). When counter 0 is in 
Mode 3, counter 1 can be programmed to any of the three 
aforementioned modes, although it cannot set an interrupt 
request flag or generate an interrupt. This mode is useful 
because counter 1's overflow can be used to pulse the serial 
port's transmission-rate generator. Along with their multiple 
operating modes and 16-bit precision, the counters can also 
handle very high input frequencies. These range from 0.1 MHz 
to 1.0 MHz (from 1.2 MHz to 12 MHz crystal) when pro- 
grammed to increment once every machine cycle and from 0 
Hz to an upper limit of 50 kHz to 0.5 MHz (for 1.2 MHz to 12 
MHz crystal) when programmed for external inputs. Both 
internal and external inputs can be gated to the counter by a 
second external source for directly measuring pulse widths. 


The counters are started and stopped under software control. 
Each counter sets its interrupt request flag when it overflows 
from all ones to all zeroes (or auto-reload value). The 
operating modes and input sources are summarized in Figures 
3 and 4. The effects of the configuration flags and the status 
flags are shown in Figures 5 and 6. 
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Figure 3. Timer/Event Counter Modes 0, 1 and 
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Figure 4. Timer/Event Counter 0 in Mode 3 
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Figure 5. Timer/Counter 0 Control and Status Flag Circuitry 


Serial Communications 


The 8051's serial !/O port is useful for serially linking 
peripheral devices as well as multiple 8051s through standard 
asynchronous protocols with full-duplex operation. The serial 
port also has a synchronous mode for expansion of I/O lines 
using CMOS and TTL shift registers. This hardware serial 
communications interface saves ROM code and permits a 
much higher tranmission rate than could be achieved through 
software. In response to a serial port interrupt request, the 
CPU has only to read/write the serial port's buffer to service 
the serial link. A block diagram of the serial port is shown in 
Figures 7 and 8. Methods for linking UART (universal asyn- 
chronous receiver/transmitter) devices are shown in Figure 9 
and a method for I/O expansion is shown in Figure 10. 


The full-duplex serial 1/O port provides asynchronous modes 
to faciliate communications with standard UART devices, such 
as printers and CRT terminals, or communications with other 
8051s in multi-processor systems. The receiver is double 
buffered to eliminate the overrun that would occur if the CPU 
failed to respond to the receiver's interrupt before the begin- 
ning of the next frame. The 8051 can generally maintain the 
serial link at its maximum rate so double buffering of the 


transmitter is not needed. A minor degradation in transmission 
rate can occur in rare events such as when the servicing of the 
transmitter has to wait for a lengthy interrupt service program 
to complete. In asynchronous modes, false start-bit rejection 
is provided on received frames. For noise rejection a best two- 
out-of-three vote is taken on three samples near the center of 
each received bit. 


When interfacing with standard UART devices, the serial 
channel can be programmed to Mode 1 which transmits/ 
receives a ten-bit frame or programmed to Mode 2 or 3 which 
transmits/receives an eleven-bit frame as shown in Figure 11. 
The frame consists of a start bit, eight or nine data bits, and 
one stop bit. in modes 1 and 3, the transmission-rate timing 
circuitry receives a pulse from counter 1 each time the counter 
overflows. The input to counter 1 can be an external source or 
a division by 12 of the oscillator frequency. The auto-reload 
mode of the counter provides communication rates of 0.05 to 
62,500 bits per second (including start and stop bits) for a 12- 
MHz crystal. In Mode 2 the communication rate is a division by 
64 or 32 of the oscillator frequency yielding a transmission rate 
of 187,500 bits per second or 375,000 bits per second 
(including start and stop bits) for a 12-MHz crystal. 
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Figure 6. Timer/Counter 1 Control and Status Flag Circuitry 
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Figure 8. Serial Port — UART Modes 1, 2 and 3 
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A. MULTI-8051 INTERCONNECT — HALF DUPLEX B. MULTI-8051 INTERCONNECT = FULL DUPLEX C. 8051-8251A INTERFACE 


LD000062 


Figure 9. UART Interfacing Schemes 


A. VO INPUT EXPANSION 


B. YO OUTPUT EXPANSION 
LD000121 
Figure 10. 1/O Expansion Technique 


Distributed processing offers a faster, more powerful system 
than a single CPU can provide. This results from hierarchy of 
interconnected processsors, each with its own memories and 
1/O. In a multiprocessing environment, a single host 8051 
controls other slave 8051s configured to operate simulta- 
neously on separate portions of a program. The intercon- 
nected 8051s reduce the load on the host processor and 
result in a lower-cost system of data transmission. This form of 
distributed processing is especially effective in a complex 
process where controls are required at physically separated 
locations. 


In Modes 2 and 3 interprocessor communication is facilitated 
by the automatic wake-up of slave processors through inter- 
rupt driven address-frame recognition. The protocol for inter- 
processor communications is shown in Table 1. In synchro- 
nous mode (Mode 0) the high speed serial port provides an 
efficient, low-cost method of expanding I/O lines using stan- 
dard TTL and CMOS shift registers. The serial channel 
provides a clock output for synchronizing the shifting of bits 
to/from an external register. The data rate is a division by 12 
of the oscillator frequency and hence is 1M bits per second at 
12 MHz. 


7-BIT DATA MARK 
8-BIT DATA PARITY STOP 


MULTI-PROCESSOR 8-BIT DATA 
COMMUNICATIONS 


9-BIT DATA 


— CLK 
BDO06060 
Figure 11. Typical Frame Formats 


TABLE 1. PROTOCOL FOR MULTI-PROCESSOR 
COMMUNICATIONS 


Slaves | Configure serial port to interrupt CPU if the 
received ninth data bit is a one (1). 


Master | Transmit frame containing address in first 8 data 
bits and set ninth data bit (i.e, ninth data bit 


designates address frame). 


has been addressed reconfigures its serial port to 
interrupt the CPU on all subsequent transmissions. 


Master | Transmit control frames and data frames (these 
will be accepted only by the previously addressed 


Slaves | Serial port interrupts CPU when address frame is 
received. Interrupt service program compares 
received address to its address. The slave which 


slave). : 
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Oscillator Characteristics 


XTAL, and XTALo are the input and output, respectively, of an To drive the device from an external clock source, XTAL 

inverting amplifier which can be configured for use as an on- should be grounded, while XTALg@ is driven, as shown in Figure 

chip oscillator, as shown in Figure 12. Either a quartz crystal or 13. There are no requirements on the duty cycle of the 

ceramic resonator may be used. external clock signal, since the input to the internal clocking 
circuitry is through a divide-by-two flip-flop, but minimum and 
maximum HIGH and LOW times specified on the data sheet 
must be observed. 


Vss 


TC004360 


C1, Co =30 pF + 10 pF for Crystals 
= 40 pF + 10 pF for Ceramic Resonators 


Figure 12. Oscillator Connections 
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Figure 13. External Drive Configuration 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature -65 to +150°C Commercial (C) Devices 
Voltage on Any Pin Temperature (Ta) 

with Respect to Ground Supply Voltage (Vcc) 
Power Dissipation Ground (Vss) 


Stresses above those listed under ABSOLUTE MAXIMUM Industrial (1) Devices (8031AH only) 
RATINGS may cause permanent device failure. Functionality Temperature (Ta) 

at or above these limits is not implied. Exposure to absolute Supply Voltage (Vcc) 

maximum. ratings for extended periods may affect device Ground (Vss) 

reliability. Operating ranges define those limits between which the 
functionality of the device is guaranteed. 


DC CHARACTERISTICS over operating ranges unless otherwise specified 


[Parameters | Description | Test Conditions | Min. [Wax | Units 
vn | mp tow votags SSCS SSCS 0 | vr | 
[Vin | lrput HIGH Vottage (Except ASTIVeo and TAL | ___———SSC~CS~d 2d Ve | 
[Vint | put HIGH Votiage to AST/Vep, XTAL2 _—_———~~«dXTALy=Vog_——«di 25 | Voc +05 | vt 
Veo | Power-Gown Votlaga to RST/Ven___—_———~—SCS~*d Woo OV CT TCC 
[Vou | Output LOW Vottage, Pons 4,2, 3 ole ‘i= tema SCT ws 
Vous | Output LOW Vottage, Por 0, ALE, PSEN (Nolo) _[loc=32 mad Sid 

Vo. FOutput HIGH Votage, Pons 7,23 «ton =-80 wid Ce 

Vout] Output HIGH Voltage, Port 0, ALE, PSEN____|[low==400 uA at 

Logical 0 input Curent, Ports 1, 2,9 ——~—Si«d Vu =0asV dT SiC 


aD a ae ee 


ina 
7 input Leakage Curent to Por 0,EA ‘| 0a8<Vin<Voo__—-| | #10 | #a | 
. sosiarvensiaw —[ER=voo iT | 15 | 
[All Outputs Disconnected [|__| 160] 
[PowerDown Curent’ —=—SSCS~CS~S~S~SCS~S Vo OV p= S0V | «tt «dm 
Co [Gapactance of VO Buffer —]w-1wie | | 10 | pr 


Notes: 1. Capacitive load on Ports 0 and 2 may cause spurious noise pulses to be superimposed on the Vo_s of ALE and 
Ports 1 and 3. The noise is due to external bus capacitance discharging into the Port 0 and Port 2 pins when 
these pins make 1-to-0 transitions during bus operations. In the worst cases (capacitive loading > 100 pF), the noise 
pulse on the ALE line may exceed 0.8 V. In such cases it may be desirable to qualify ALE with a Schmitt Trigger, 
or use an address latch with a Schmitt Trigger STROBE input. 


<|<|<j<j< 





See Section 6 for Thermal Characteristics Information. 
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SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified (Load Capacitance for 
Port 0, ALE, and PSEN = 100 pF; Load Capacitance for all other 
outputs = 80 pF) 


18 MHz 
Clock (Note 1) Variable Clock 


[Tov i7TCLL | Osatttor Frequency ——————S—S~dSSCSC*d SSCS SCC SC te | re 
Pint | ALE Pulse wis ———SSCSC~CSCi vr | i | CC rd 
Ptavit | Address Soup tole ———SC~CSsYS we] Cd) | Cd ro | CdS 
PTLLAK | Adaress Hid After ALE —_—~—S~dr Cae | «| (| —~*droimos | Sidr 
[Tu [ALE to Valid instucton in ———SS~dSCC*d ai ee | —«i arn] ne 
Piuet_i Ae PEN CSCSC~“—~S*sCiSTSC TC Pde 
[Ter | PSEN’Puse wih] as || 191] arouciwos | | rs 
[weiv | PEN to Vaid instuctonia =i Si || | C*d COLTS] ro 
texix | laput Istucton Hold ater SEN [| _o | |o0 | | 0 |_| | 
[Tex | Input instruction Float ater PEEN |__| | | 3 |__| roici-20 | re _| 
texav | Addross Vals ater PEN ———S—Si«dT | Si] a | Cid roe |e 
[Tavw __| Adress to Vaid inatucton a |__| s@ | | vee | _—_—‘[erouc v8 | me | 
[TpLAz [Adress Float After PEN =| +f of} | | 2 | =| 
TTrUAH | AB use wih ——=—~SCSC~—~s a STSSCSC*d;C YC oO] Cd 
PT rwiwh [WA puso wan ———S~S~C~ at] ida] —ircuctnso0] Sie 
Try [FD iovald Daan —SSSCSC~dSC<“~*~dtC( TC re | Cd TCLS ee 
PTRHOX | Data Hold ater AO SSCSCSCSCSC~dT ST CCT Cd | 
[TRHOZ | Data Flat ater AD ——SSCSCSC~sSC‘“C;*~idtC a *dP Sd  | —~*d rT |e _| 
[Tuy ALE to va Data in ——SSCSC~SSSdt si | ide | —*roc150 ne _| 
PTAVDV | Adress to Vaid Data In ———SC~dSSCSi oes |i ae | «i orccint6s | ne | 
Tut [Ale WRor AD ———~—SCSCSC~r:Ci Yat | nme | ate | arcicieo | arcici+so | ne _| 
tat [Address to WA or HO —SCSC~SCt |i; |Cage 
[Tawwix [Data Vals to WA Tranatfon _——~it 3 | [0 |_| Too | —~«dt re | 
Taw | Data Setup Betow WA SSCSC~*dCw | dm | «dt cucgo] Side 


Parameter Parameter 
Symbol Description 


PTwHax | Bata Hows Aner WR ————SSCSCSC~d ts | Cd | id truco [de 
[truaz | Adress Float ater FO ———SCS~CS~sSC‘d dC TC CO | 
/TWHtH | WA or RD High to ALE High | «| 120 | 16_[ 06 | Toroinao | Toictrao | no | 


Notes: 1. 18 MHz clock pertains only to 8031AH in the Commercial operating range. 
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SWITCHING WAVEFORMS (Cont'd.) 
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External Data Memory Read Cycle 
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SWITCHING WAVEFORMS (Cont'd.) 
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EXTERNAL CLOCK DRIVE 


a 
Symbol Description 

Pp teHox HIGH Time CSSC~iSC“‘( OCU 
preicx if tOwtmeSSCSC~“C~*~“—*;‘“~;~;~*dSC‘( TTTStSC~<~*rSt*~<“CS~<S SCid 
Pp tcicH ———C=*d| Sls Time —SSC=“—*‘“~*~*s*SC“‘(S;CC*'YCO+C}OTFOCLSOCs Cd 
Pp tonce—S—C«d| altima —SC~=~“‘;~*~*~S*‘“‘“‘;«dYSS~C~*«*dTCSCSC*~‘ OTC*dYSC‘(S Cd 


HV€S08/HV1S08/HVIE08 


WF020910 
External Clock Drive Waveform 


SERIAL PORT TIMING — SHIFT REGISTER MODE 


(Load Capacitance = 80 pF) 


P t Paramet Variable Oscillator 
arameter arameter 
sme Description ate | —_—ae et —_ Units 


Ce 
/Tawser | up bat Setup to lok Rg Figo —[7007 | [vorecen as] [rs 
[“TxHaXx | Output Bata Hold After Clock Fising Eage | 50 | | arcic.-a7 [Sid 
[—TXHOX | Input Data Hold After Giock Fising Edge [0 | | 0 |_| ms 
[—“rrttov [Clock Rising Edge to input Data Vala | | 700 | | oroccu-108| ns 


AC Testing 


02 Voc+0.9 VLOAD+0.1 V Vou-0.1V 
Winans (>, TIMING REFERENCE 
0.2 Vec-0.1 Vioap-0.1 V Vo_+0.1 V 


WF020900 WF020940 





FOR TIMING PURPOSES A PORT PIN IS NO LONGER FLOATING WHEN A 
AC INPUTS DURING TESTING ARE DRIVEN AT Voc-0.5 FOR A LOGIC 100 mV CHANGE FROM LOAD VOLTAGE OCCURS, AND BEGINS TO 


“4"AND 0.45 V FOR A LOGIC "0." TIMING MEASUREMENTS ARE MADE 
AT Vin MIN. FOR A LOGIC "1" AND Vi, MAX. FOR A LOGIC "0." OCCURS. lori > £20 See ae Made tea ant Val OLEey ar 


Input/Output Waveform Float Waveform 
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WF007070 


All internal timing is referenced to the internal time state shown on the top of the page. This waveform represents the signal on the 
Xe input of the oscillator. This diagram represents when these signals are actually clocked within the chip. However, the time it 
takes a signal to propagate to the pins is in the range of 25 to 125 ns. Prop delays are dependent on many variables, such as 
temperature, pin loading. Propagation also varies from output to output and component to component. Typically though, /RD and 
/WR have prop delays of approximately 50 ns and the other timing signals approximately 85 ns, at room temperature, fully loaded. 
These differences in prop delays between signals have been integrated into the timing specs. 
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TABLE 3. 8051 FAMILY INSTRUCTION SET 


Interrupt Response Time: To finish execution of current 
instruction, respond to the interrupt request and push the PC; 
to vector to the first instruction of the interrupt service program 


Instructions That Affect Flag Setting* 
Instruction Flag Instruction Flag 


OV AC OV AC 


ADD 
ADDC 
SUBB 
MUL 
DIV 

DA 

RRC 
RLC 
SETB C 


+<x<xOOxKxx<O 


DATA TRANSFER 


oemenie __{eserption _lovteLove Mnemonic |Description | Byte Cyc | 


A,Rn 
A,direct 
A,@Ri 

A, #data 
Rn,A 
Rn,direct 
Rn, #data 
direct,A 
direct,Rn 
direct,direct 
direct,@Ri 
direct, # data 
@Ri,A 
@Ri,direct 
@Ri, #data 
OPTR, #datat6 
A,@A + DPTR 


A,@A + PG 
A,@Ri 
A,@DPTR 
@Ri,A 
@DPTR,A 
direct 
direct 

A,Rn 
A,direct 
A,@Ri 


A,QRi 


X CLRC 

X CPLC 

X ANL C, bit 
ANL C,/bit 
ORL C, bit 
ORL C,/bit 
MOV C, bit 
CJNE 


xxx «KKK KOO 


Move register to Accumulator 

Move direct byte to Accumulator 
Move indirect RAM to Accumulator 
Move immediate data to Accumulator 
Move Accumulator to register 

Move direct byte to register 

Move immediate data to register 
Move Accumulator to direct byte 
Move register to direct byte 

Move direct byte to direct byte 

Move indirect RAM to direct byte 
Move immediate data to direct byte 
Move Accumulator to indirect RAM 
Mode direct byte to indirect RAM 
Move immediate data to indirect RAM 
Move 16-bit constant to Data Pointer 
Move Code byte relative to DPTR to 
Accumulator 

Move Code byte relative to PC to 
Accumulator 

Move External RAM (8-bit address) to 
Accumulator 

Move External RAM (16-bit address) to 
Accumulator 

Move Accumulator to External RAM (8- 
bit address) 

Move Accumulator to External RAM (16- 
bit address) 

Push direct byte onto stack 

Pop direct byte off of stack 

Exchange register with Accumulator 
Exchange direct byte with Accumulator 
Exchange indirect RAM with 
Accumulator 

Exchange indirect RAM's least sig 
nibble with A's LSN 


BOOLEAN VARIABLE MANIPULATION 


[Mnemonic —_—| Description evel ore ADDC A,#data Add immediate data and Carry Flag to 


LOGIC (Cont'd.) 


Clear Carry Flag 

Clear direct bit 

Set Carry Flag 

Set direct bit 

Complement Carry Flag 

Complement direct bit 

AND direct bit to Carry Flag 

AND complement of direct bit to Carry 
OR direct bit to Carry Flag 

OR complement of direct bit to Carry 
Move direct bit to Carry Flag 

Move Carry flag to direct bit 


Ls) t i) nN nN NN]ANANNANNAAM HHA a wo 


ao sa NP 


_ 


NM-M NWMNHAaaeoaan a 


requires 38 to 81 oscillator periods (3 to 7 us @ 12 MHz). 


*Note that operations on SFR byte address 208 or bit 
addresses 209-215 (i.e., the PSW or bits in the PSW) will 
also affect flag settings. 


LOGIC (Cont'd.) 


direct, # data AND immediate data to direct byte 

A,Rn OR register to Accumulator 

A,direct OR direct byte to Accumulator 

A,@Ri OR indirect RAM to Accumulator 

A,#data OR immediate data to Accumulator 

direct,A OR Accumulator to direct byte 

direct, # data OR immediate data to direct byte 

A,Rn Exclusive-OR register to Accumulator 

A,direct Exclusive-OR direct byte to Accumulator 

A,@Ri Exclusive-OR indirect RAM to 
Accumulator 

A, #data Exclusive-OR immediate data to 
Accumulator 

direct,A Exclusive-OR Accumulator to direct byte 

direct,#data ]} Exclusive-OR immediate data to direct 

A Clear Accumulator 

A Complement Accumulator 

A Rotate Accumulator Left 

A Rotate Accumulator Left through Carry 
Flag 

A Rotate Accumulator Right 

A 

A 


=—=N=]ONN—$N=]& 


sass 4 OD to 


Rotate Accumulator Right through Carry 
Flag 

Exchange nibbles within the 
Accumulator 


ARITHMETIC 
Mnemonic Description 


[Mnemonic _| Description oye 


A,Rn 
A.direct 
A,@Ri 
A,#data 
direct,A 


AND register to Accumulator 

AND direct byte to Accumulator 
AND indirect RAM to Accumulator 
AND immediate data to Accumulator 
AND Accumulator to direct byte 


A,Rn Add register to Accumulator 

A,direct Add direct byte to Accumulator 

A,@Ri Add indirect RAM to Accumulator 

A, # data Add immediate data to Accumulator 

A,Rn Add register to Accumulator with carry 

A,direct Add direct byte to Accumulator with 
Carry Flag 

A,@Ri Add indirect RAM and Carry Flag to 


Accumulator 

A,Rn Subtract register from Accumulator with 
Borrow 

A,direct Subtract direct byte from Accumulator 
with Borrow 

A,@Ri Subtract indirect RAM from Accumulator 
with Borrow 

A, #data Subtract immediate data from 
Accumulator with Borrow 

A Increment Accumulator 

Rn Increment register 

direct Increment direct byte 

@Ri Increment indirect RAM 

A Decrement Accumulator 

Rn Decrement register 

direct Decrement direct byte 

@Ri Decrement indirect RAM 

DPTR increment Data Pointer 

AB Multiply Accumulator times B 

Pa Divide Accumulator by B 
Decimal Adjust Accumulator 


OTHER 
Mnemonic Description 


NOP No Operation 
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HVES08/HVIS08/HVLE08 





8031AH/8051AH/8053AH 





CONTROL TRANSFER (BRANCH) 
Tnemonic [Description Bye ve 
zero 


: 
| CONTROL TRANSFER (SUBROUTINE) = sd TRANSFER | CONTROL TRANSFER (SUBROUTINE) = sd 


addr16 
[Mnemonic __| Description Byte| Cyc | 


rel 
ACALL addri1 Absolute Subroutine Call 


Absolute Jump 

Long Jump 

Short Jump (relative addr) 

Jump indirect relative to the DPTR 
Jump if Accumulator is zero 

Jump if Accumulator is not zero 

Jump if Carry Flag is set 

Jump if carry is not set 

Jump relative if direct bit is set 

Jump relative if direct bit is not set 
Jump relative if direct bit is set, then 
clear bit 

Compare direct byte to Accumulator and 
Jump if not Equal 

Compare immediate to Accumulator and 
Jump if not Equal 

Compare immediate to reg and Jump if 
not Equal 

Compare immediate to indirect RAM 
and Jump if not Equal 

Decrement register and Jump if not 
zero 

Decrement direct byte and Jump if not 


@A+DPTR 
rel 

rel 

rel 

rel 

bit,rel 

bit,rel 

bit,rel 


Adirect,rel 
A, # data,rel 
Rn, # data,rel 


@Ri, # data,rel 


Rn,rel 


direct,rel 


TABLE 4. INSTRUCTION OPCODES IN HEXADECIMAL ORDER (Cont'd.) 


LCALL addr16 Long Subroutine Call 3 
RET Return from Subroutine Call 1 
RETI Return from Interrupt Call 1 
Hex Code Bytes Mnemonic Operands 

00 1 NOP 

01 2 AJMP Code addr 

02 3 LJMP Code addr 

03 1 RR A 

04 1 ING A 

05 2 INC Data addr 

06 1 ING @RO 

07 1 ING @R1 

08 1 INC RO 

09 1 INC R1 

OA 1 INC R2 

OB 1 ING R3 

0c 1 INC R4 

oD 1 INC R5 

OE 1 ING R6 

OF 1 ING R7 

10 3 JBC Bit addr,code addr 

11 2 ACALL Code addr 

12 3 LCALL Code addr 

13 1 RRC A 

14 1 DEC A 

15 2 DEC Data addr 

16 1 DEC @RO 

17 1 DEG @Ri1 

18 1 DEC RO 

19 1 DEC Ri 

1A 1 DEC R2 

1B 1 DEC R3 

1c 1 DEC R4 

1D 1 DEC R5 

1E 1 DEC R6 

1F 1 DEG R7 

20 3 JB Bit addr,code addr 

21 2 AJMP Code addr 

22 1 RET 

23 1 RL A 

24 2 ADD A, # data 

25 2 ADD A,data addr 

26 1 ADD A,@RO 

27 1 ADD A,@R1 

28 1 ADD A,RO 

29 1 ADD A,R1 

2A 1 ADD A,R2 

2B 1 ADD A,R3 

2c 1 ADD A,R4 

2D 1 ADD A,R5S 
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Notes on 


Rn 
direct 
@Ri 


#data 
#data16 


bit 


addr16 


addr11 


Hex Code 





Data Addressing Modes: 


~Working register RO — R7 of the currently selected 
Register bank. 

-128 internal RAM locations, any !/O port, control, 
or status register. 

-Indirect internal RAM location addressed by 
register RO or Ri. 

-8-bit constant included in instruction. 

-16-bit constant included as bytes 2 and 3 of 
instruction. 

-128 software flags, any !/O pin, control, or status 
bit. 


Notes on Program Addressing Modes: 


-Destination address for LCALL and LJMP may be 
anywhere within the 64-Kilobyte program memory 
address space. 

—Destination address for ACALL and AJMP will be 
within the same 2-Kilobyte page of program 
memory as the first byte of the following 
instruction. 

-SJMP and all conditional jumps include as 8-bit 
offset by Range is + 127, -128 bytes relative to 
first byte of the following instruction. 


Bytes Mnemonic Operands 


A,R6 

A,R7 

Bit addr,code addr 
Code addr 


A 

A, # data 
A,data addr 
A,@RO 
A,@R1 
A,RO 

A,R1 

A,R2 

A,R3 

A,R4 

A,R5 

A,R6 

A,R7 

Code addr 
Code addr 
Data addr,A 
Data addr, #data 
A,#data 
A,data addr 
A,@RO 
A,@R1 
A,RO 

A,R1 

A,R2 

A,R3 

A,R4 

A,R5 

A,R6 

A,R7 

Code addr 
Code addr 
Data addr,A 
Data addr, #data 
A,#data 
A,data addr 
A,@RO 
A,@R1 
A,RO 

A,R1 

A,R2 

A,R3 


1 
1 
3 
2 
1 
1 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
3 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
3 
2 
2 
1 
1 
1 
1 
1 
1 


Hex Code Bytes Mnemonic Operands Hex Code Bytes Mnemonic Operands 


A,R4 R7,data addr 
A,R5 C,/bit addr 
A,R6 Code addr 
A,R7 Bit addr 
Code addr Cc 
Code addr A,#data,code addr 
Data addr,A A,data addr,code addr 
Data addr, #data @RO, # data,code 
A,#data addr 
A,data addr @R1,#data,code 
A,@RO addr 
A,@R1 RO, #data,code addr 
A,RO R1i,#data,code addr 
A,Rt R2,#data,code addr 
A,R2 R3,#data,code addr 
A,R3 R4,#data,code addr 
A,R4 R5,#data,code addr 
A,R5 R6, #data,code addr 
A,R6 R7,#data,code addr 
A,R7 Data addr 
Code addr Code addr 
Code addr Bit addr 
C,bit addr Cc 
@A +DPTR 
A, #data 
Data addr, #data 
@RO, #data 
@Ri1,#data 
RO, #data 
R1,#data 
R2,#data 
R3, #data 
R4,#data 
R5, #data 
R6, # data 
R7,#data 
Code addr 
Code addr 
C,bit addr 
A,@A +PC 
DIV AB 
MOV Data addr,data addr 
MOV Data addr,@RO 
MOV Data addr,@R1 
MOV Data addr,RO 
MOV Data addr,R1 
MOV Data addr,R2 
MOV Data addr,R3 
MOV Data addr,R4 
MOV Data addr,R5 
MOV Data addr,R6 
MOV Data addr,R7 
MOV DOPTR, #data 
ACALL Code addr 
MOV Bit addr,C 
MOVCG A,@A +DPTR 
SUBB A, #data 
SUBB A,data addr 
SUBB A,@RO 
SUBB A,@R1 
SUBB A,RO 
SUBB A,Rt 
SUBB A,R2 
SUBB A,R3 
SUBB A,R4 
SUBB A,R5 
SUBB A,R6 
SUBB A,R7 
ORL C,/bit addr 
AJMP Code addr 
MOV C,bit addr 
INC DPTR 
MUL AB 
Reserved 
MOV @RO0,data addr 
MOV @Ri1,data addr 
MOV RO,data addr 
MOV Ri,data addr 
MOV R2,data addr 
MOV R3,data addr 
MOV R4,data addr 
MOV R5,data addr 
MOV R6,data addr 


pr 


HV€S08/HVIS08/HVLE08 


A 

A,data addr 
A,@RO 
A,@R1 
A,RO 

A,R1 

A,R2 

A,R3 

A,R4 

A,R5 

A,R6 

A,R7 

Data addr 
Code addr 
Bit addr 

Cc 


A 

Data addr,code addr 
A,@RO 
A,@R1 
RO,code addr 
R1,code addr 
R2,code addr 
R3,code addr 
R4,code addr 
R5,code addr 
R6,code addr 
R7,code addr 
A,@DPTR 
Code addr 
A,@RO 
A,@R1 

A 

A,data addr 
A,@RO 
A,@R1 

A,RO 

A,R1 

A,R2 

A,R3 

A,R4 

A,R5 

A,R6 

A,R7 
@DPTR,A 
Code addr 
@RO0,A 
@R1,A 

A 

Data addr,A 
@RO0,A 
@R1,A 

RO,A 

R1,A 

R2,A 

R3,A 

R4,A 

R5,A 

R6,A 

R7,A 





1 
1 
1 
1 
2 
2 
2 
3 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
1 
2 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1 
1 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
2 
2 
1 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
1 
1 
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80C51BH/80C31BH 


80C51BH/80C31BH 


CMOS Single-Chip Microcontroller 


DISTINCTIVE CHARACTERISTICS 


CMOS versions of 8051 and 8031 
80C51 = 80C31 + 4K bytes ROM 
128 bytes of RAM 

32 programmable I/O lines 
CMOS and TTL compatible 

Two 16-bit timer/counters 


@ Low-power consumption: 
- Normal operation: 16 mA @ 5 V, 12 MHz 
- Idle mode: 3.7 mA @ 5 V, 12 MHz 
- Power-Down mode: 50 pA @ 2 V to6 V 
64K bytes Program Memory space 
64 K bytes Data Memory space 
Boolean processor 


GENERAL DESCRIPTION 


The AMD 80C51 and 80C31 are CMOS versions of the 
8051 and 8031 8-bit microcontrollers. They combine the 
power savings of CMOS with the powerful 8051/31 micro- 
controller. 


These CMOS versions retain all the features of their NYOS 
counterparts: 4K bytes on-chip ROM (80C51 only); 128 
bytes RAM; 32 I/O lines; two 16-bit timers; a five-source, 


two level interrupt structure; a full-duplex serial port; and 
on-chip oscillator and clock circuits. 


In addition, the 80C51/31 has two software-selectable 
modes of reduced activity for further power conservation — 
Idle and Power-Down. In the Idle mode, the CPU is frozen 
while the RAM, timers, serial port, and the interrupt system 
continue to function. In the Power-Down mode, the RAM is 
saved and all other functions are inoperative. 


BLOCK DIAGRAM 


FREQUENCY 
REFERENCE 


OSCILLATOR ROM 
& 4K BYTES 


TIMING {80051 ONLY) 


64K BYTE BUS 
EXPANSION 
CONTROL 


INTERRUPTS 


INTERRUPTS CONTROL 


COUNTERS 


TWO 16-BIT 
TIMER/AEVENT 
COUNTERS 


PROGRAMMABLE 


ie PROGRAMMABLE lO 


PARALLEL PORTS SERIAL SERIAL 
ADDRESS DATA BUS IN OUT 
AND VO PINS 


BD007230 


ublication # Rev, 
04815 Cc 
Issue Date: June 1987 


Amendment 





CONNECTION DIAGRAMS 
Top View 
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Pin 1 is marked for orientation. 


LOGIC SYMBOL 


—_——— 
_—_—e 
a 
_——e 
—<~ 
—_ 
——_ 
_—_—— 





TTT 
WT 


LS001323 
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80C51BH/80C31BH 


ORDERING INFORMATION 


Commodity Products 


AMD commodity products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: a. Temperature Range 

b. Package Type 

c. Device Number 

d. Speed Option 

e. Optional Processing 


80C51BH 


LL e. OPTIONAL PROCESSING 


Blank = Standard processing 


d. SPEED OPTION 
Blank = 3.5 to 12 MHz 
-1=3.5 to 16 MHz 


c. DEVICE NUMBER/DESCRIPTION 
80C51BH/80C31BH 
CMOS Single-Chip Microcontroller 


b. PACKAGE TYPE 
P= 40-Pin Plastic DIP (PD 040) 
D = 40-Pin Ceramic DIP (CD 040) 
N = 44-Pin Plastic Leaded Chip Carrier (PL 044) 


a. TEMPERATURE RANGE* 
Blank = Commercial (0 to + 70°C) 
| = Industrial (-40 to +85°C) (Preliminary) 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the loca! 

AMD sales office to confirm availability of specific valid 

80C51BH-1 combinations, to check on newly released valid combi- 


nations, and to obtain additional data on AMD's stan- 


80C31BH dard military grade products. 


80C31BH-1 


*This device will also be available in Military temperature 
range. See MOS Microprocessors and Peripherals Military 
Handbook (Order #09275A/0) for preliminary electrical 
performance characteristics. 
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PIN DESCRIPTION 


Port 0 (Bidirectional, Open Drain) 


Port 0 is an open-drain bidirectional I/O port. Port 0 pins that 
have ''1"'s wriiten to them float, and in that state can allow 
them to be used as high-impedance inputs. 


Port 0 is also the multiplexed LOW-order address and data 
bus during accesses to external Program and Data Memory. 
In this application it uses strong internal pullups when 
emitting ''1''s. Port 0 also outputs the code bytes during 
program verification in the 80C51BH. External pullups are 
required during program verification. 


Port 1 (Bidirectional) 
Port 1 is an 8-bit bidirectional 1/O port with internal pullups. 
The Port 1 output buffers can sink/source four LS TTL 
inputs. Port 1 pins that have ''1''s written to them are pulled 
HIGH by the internal pullups and — while in this state — can 
be used as inputs. As inputs, Port 1 pins that are externally 


being pulled LOW will source current (Ij, on the data sheet) 


because of the internal pullups. 


Port 1 also receives the LOW-order address bytes during 
program verification. 


Port 2. (Bidirectional) 

Port 2 is an 8-bit bidirectional I/O port with interna! pullups. 
The Port 2 output buffers can sink/source four LS TTL 
inputs. Port 2 pins having ''1"'s written to them are pulled 
HIGH by the internal pullups and — while in this state — can 
be used as inputs. As inputs, Port 2 pins externally being 
pulled LOW will source current (Ij_) because of the internal 
pullups. 

Port 2 emits the HIGH-order address byte during fetches 
from external Program Memory and during accesses to 
external Data Memory that use 16-bit addresses (MOVX 
@DPTR). In this application it uses strong internal pullups 
when emitting ''1''s. During accesses to external data 
memory that use 8-bit addresses (MOVX @Ri), Port 2 emits 
the contents of the P2 Special Function register. 


Port 2 also receives the HIGH-order address bits during 
ROM verification. 


Port 3 (Bidirectional) 
Port 3 is an 8-bit bidirectional I/O port with internal pullups. 
The Port 3 output buffers can sink/source four LS TTL 
inputs. Port 3 pins that have ''1''s written to them are pulled 
HIGH by the internal pullups and — while in this state — can 
be used as inputs. As inputs, Port 3 pins externally being 
pulled LOW will source current (li_) because of the pullups. 


Port 3 also serves the functions of various special features 
as listed below: 


Alternate Function 
RxD (serial input port) 
TxD (serial output port) 
INTo (External interrupt 0) 
INT; (external interrupt 1) 
To (Timer 0 external input) 
T1 (Timer 1 external input) 


P36 WR (external Data Memory write strobe) 


RD (external Data Memory read strobe) 
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RST Reset (Input, Active HIGH) 
A HIGH on this pin—for two machine cycles while the 
oscillator is running—resets the device. An internal 
diffused resistor to Vsg permits power-on reset, using only 
an external capacitor to Vcc. 


ALE Address Latch Enable (Output, Active HIGH) 
Address Latch Enable output pulse for latching the LOW 
byte of the address during accesses to external memory. 


In normal operation ALE is emitted at a constant rate of 1/6 
the oscillator frequency, allowing use for external-timing or 
clocking purposes. Note, however, that one ALE pulse is 
skipped during each access to external Data Memory. 


PSEN Program Store Enable (Output, Active LOW) 
PSEN is the read strobe to external Program Memory. When 
the 80C51BH is executing code from external program 
memory, PSEN is activated twice each machine cycle — 
except that two PSEN activations are skipped during each 
access to external Data Memory. PSEN is not activated 
during fetches from internal Program Memory. 


EA External Access Enable (Input, Active LOW) 
EA must be externally held LOW to enable the device to 
fetch code from external Program Memory locations 0000H 
to OFFFH. If EA is held HIGH, the device executes from 
internal Program Memory unless the program counter 
contains an address greater than OFFFH. 

XTAL; Crystal (Input) 
Input to the inverting-oscillator amplifier, and input to the 
internal clock-generator circuits. 


XTAL2 Crystal (Output) 
Output from the inverting-oscillator amplifier. 


Vcc Power Supply 
Supply voltage during normal, idle, and power-down 
operations. 


Vss_ Circuit Ground 
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FUNCTIONAL DESCRIPTION 
Oscillator Characteristics 


XTAL 1 and XTALg are the input and output, respectively, of an 
inverting amplifier which is configured for use as an on-chip 
oscillator (see Figure 1). Either a quartz crystal or ceramic 
resonator may be used. 


To drive the device from an external clock source, XTAL 
should be driven while XTAL2 is left unconnected (see Figure 
2). There are no requirements on the duty cycle of the 
external-clock signal since the input to the internal clocking 
circuitry is through a divide-by-two flip-flop, but minimum and 
maximum HIGH and LOW times specified on the data sheet 
must be observed. 


[| 


i 


7TC0034114 
Figure 1. Crystal Oscillator 


EXTERNAL 
OSCILLATOR 
SIGNAL 


TC003391 
Figure 2. External Drive Configuration 


Note: Different from NMOS configuration. 


Idle and Power-Down Operation 


Figure 3 shows the internal Idle and Power-Down clock 
configuration. As illustrated, Power-Down operation freezes 
the oscillator. Idle mode operation shows the interrupt, serial 
port, and timer blocks to continue to function while the clock to 
the CPU is halted. 


These special modes are activated by software via the Special 
Function Register, PCON (Table 1). Its hardware address is 
87H; PCON is not bit-addressable. 


If ''1''s are written to PD and IDL at the same time, PD takes 
precedence. The reset value of PCON is "OXXX0000". 


INTERRUPT, 
[> SERIAL PORT, 
TIMER BLOCKS 


7TC003381 
Figure 3. Idle and Power-Down Hardware 


| Symbol | Position | Name and Description 


PCON.7 Double-baud-rate bit. When set to a 
1, the baud rate is doubled when 
the serial port is being used in 
either modes 1, 2, or 3. 


[= [Peon [mesered ——CS 
[= [Pons [esereySCC*S 
[= [Poon | reserve) 

[ari PoONS | Generarpupane tag bt _—| 


PCON.1 Power-Down bit. Setting this bit 

activates power-down operation. 
IDL PCON.O Idle-mode bit. Setting this bit 
activates idle-mode operation. 





Idle Mode 


The instruction that sets PCON.O is the last instruction 
executed in the normal operating mode before Idle mode is 
activated. Once in the Idle mode, the CPU status is preserved 
in its entirety: the Stack Pointer, Program Counter, Program 
Status Word, Accumulator, RAM, and all other registers 
maintain their data during Idle. Table 2 describes the status of 
the external pins during Idle mode. 


There are two ways to terminate the Idle mode. Activation of 
any enabled interrupt will cause PCON.O to be cleared by 
hardware, terminating Idle mode. The interrupt is serviced, and 
following RETI, the next instruction to be executed will be the 
one following the instruction that wrote a 1 to PCON.O. 


The flag bits GFO and GF1 may be used to determine whether 
the interrupt was received during normal execution or during 
the Idle mode. For example, the instruction that writes to 
PCON.0 can also set or clear one or both flag bits. When Idle 
mode is terminated by an enabled interrupt, the service routine 
can examine the status of the flag bits. 


The second way of terminating the Idle mode is with a 
hardware reset. Since the oscillator is still running, the 
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hardware reset needs to be active for only 2 machine cycles 
(24 oscillator periods) to complete the reset operation. 


Power-Down Mode 


The instruction that sets PCON.1 is the last executed prior to 
going into Power-Down. Once in Power-Down, the oscillator is 
stopped. Only the contents of the on-chip RAM are preserved. 
The Special Function Registers are not saved. A hardware 
reset is the only way of exiting the Power-Down mode. 


In the Power-Down mode, Vcc may be lowered to minimize 
circuit power consumption. Care must be taken to ensure the 
voltage is not reduced until the Power-Down mode is entered, 
and that the voltage is restored before the hardware reset is 
applied, which frees the oscillator. Reset should not be 
released until the oscillator has restarted and stabilized. 


Table 2 describes the status of the external pins while in the 
Power-Down mode. It should be noted that if the Power-Down 
mode is activated while in external program memory, the port 
data that is held in the Special Function Register Po is 
restored to Port 2. If the data is a 1, the port pin is held HIGH 
during the Power-Down mode by the strong pullup, P, shown 
in Figure 4. 


80C51BH I/O Ports 


The I/O port drive of the 80C51BH is similar to the 8051. The 
|/O buffers for Ports 1, 2, and 3 are implemented as shown in 
Figure 4. 


When the port latch contains a 0, all pFETS in Figure 4 are off 
while the nFET is turned on. When the port latch makes a 0-to- 
1 transition, the nFET turns off. The strong pullup pFET, P4, 
turns on for two oscillator periods, pulling the output HIGH 
very rapidly. As the output line is drawn HIGH, pFET Pg turns 
on through the inverter to supply the oy source current. This 
inverter and P3 form a latch which holds the 1 and is 
supported by Po. 


When Port 2 is used as an address port, for access to external 
program of data memory, any address bit that contains a 1 will 
have its strong pullup turned on for the entire duration of the 
external memory access. 


When an I/O pin on Ports 1, 2, or 3 is used as an input, the 
user should be aware that the external circuit must sink 
current during the logical 1-to-0 transition. The maximum sink 
current is specified as I7_ under the D.C. Specifications. When 
the input goes below approximately 2 V, Pg turns off to save 
loc current. Note, when returning to a logical 1, Pa is the only 
internal pullup that is on. This will result in a slow rise time if 
the user's circuit does not force the input line HIGH. 


DESIGN CONSIDERATIONS 

© At power on, the voltage on Vcc and RST must come up at 
the same time for a proper start-up. 

© Before entering the Power Down mode, the contents of the 
Carry Bit and B.7 must be equal. 


TABLE 2. STATUS OF THE EXTERNAL PINS DURING IDLE AND POWER-DOWN MODES 


[weds [Program Memory] ALE [PSEN[ porTo | porta] ronT2 | PoRTs 
[tse | _rerat [1 | 1 | Por oata | Pon bata | Por Data | Pon Data 
[tae | externa [1 [1 [Frosting | Pon ata | aaress | Por Data 
[Ponerbown | ieiat | 0 | © | Pon Date | Port Osta | Por Data _| Por Data 
[PowerBown | Exemal | 0 [0 | Froaing | Pon bata | Por Oat Pon Data 


2 OSC. PERIODS 


TC003401 


Figure 4. 1/O Buffers in the 80C51BH (Ports 1, 2, 3) 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature -65°C to +150°C Commercial (C) Devices 
Voltage on Any Temperature (Ta) 

Pin to Vss -0.5 V to Voc +0.5 V Supply Voltage (Vcc) 
Voltage on Vcc to Vss -0.5 V to 6.5 V Ground (Vgs) 

Power Dissipation 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


Operating ranges define those limits between which the 
functionality of the device is guaranteed. 


DC CHARACTERISTICS over operating ranges unless otherwise specified 


Parameter Parameter 
PSymoot” | ——__eartn | _—_Test.conetone |. |x| nt 
[Vin____| input LOW Voltage (Except EA) CT C™~*~C“‘“*S*S*S*~*~*dC‘C HSC c=] Ci 
[Vur | input Low vonage A) CdTCSCSC™~C~CCCSCSCS CSCO C*d A M-S] _C 
Vou foL= 18 mA (Note 1) as 
OL = 3.2 mA (Note 1) ices Pail 
| 24 


lon =-60 wA, Vcc = 5 Vt10% 
Output HIGH Voltage (Ports 1, 2, 3) lon =-25 pA 75 Voc 


ion==10_ uA 


Output LOW Voltage (Port 0, ALE, PSEN) 


© 
< 

Q 

i?) 


lon =-400 pA, Voc =5 Vt10% | 24 | 

node: Ate PSE (Port 0 in External Bus lon = -150 BA 

lon =-40 yA (Note 2) 

Vin= 045 V Fae 

Ft] Logical 1 to 0 Transition Current (Pons 7,28) [Vw=2v Sd ~SSSSC*d~=C |_| 

Ptr | Input Leakage Gurrent Po 0, EA) ———=«d| AB <VN<VooSSSC«dTSC“‘“‘SC*L tO ~*SCOMA 
[RAST | Reset Pulldown Resistor CTS C*d 

Test Freq=1 MHz Ta=asrc_ | «| 10+ _ | 

Pip | Power Down Curent ————=S=S—SSSCSC*dt come to 6vNotes) | +i| 80 | At 


© 
< 

Q 

QO 


MAXIMUM Icc (mA) 


ee | Operating (Note 4) Idle (Note 5) 
| Freavec == | 4M OT sv OT Cov | tv | sv | ev 
; ; : 1.6 2.2 


1.1 


. Capacitive loading on Ports 0 and 2 may cause spurious noise pulses to be superimposed on the Vo_s of ALE and Ports 
1 and 3. The noise is due to external bus capacitance discharging into the Port 0 and Port 2 pins when these pins make 
1-to-0 transitions during bus operations. In the worst cases (capacitive loading > 100 pF), the noise pulse on the ALE 
line may exceed 0.8 V. In such cases it may be desirable to qualify ALE with a Schmitt Trigger, or use an address latch 
with a Schmitt-Trigger STROBE input. 

. Capacitive loading on Ports 0 and 2 may cause the Voy on ALE and PSEN to momentarily fall before the .9 Voc 
specification when the address bits are stabilizing. 

. Power-Down Icc is measured with all outputs pins disconnected: EA = Port 0 = Vcc; XTAL2 N.C.; RST = Vgs. 

. Icc is measured with all output pins disconnected; XTAL; driven with TCLCH, TCHCL=5 ns, Vi_=Vssg+.5 V, 
Vin = Voc-.5 V; XTAL2 N.C.; EA = RST = Port 0 = Vcc. 

\cc would be slightly higher if a crystal oscillator is used. 

. Idle Icc is measured with all output pins disconnected; XTAL, driven with TCLCH, TCHCL = 5 ns, Vi_ = Vsg + -5 V, 

Vin = Voc--5 V; XTAL2 N.C.; Port 0 =Voc; EA = RST = Vss. 





See Section 6 for Thermal Characteristics Information. 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 
(CL for Port 0, ALE and PSEN Outputs = 100 pF; Cy for All Other Outputs = 80 pF) 


| 16 MHz Ose. | 12 MHz Ose. | _Varlable Oscllator 


[ase 
aa | arica-o [ids 
p28 [ | rouci-s [de 
Pe |_| roucu-as || 
SS 
Oe 
_faraci-«s[ io | 
P| sroLcL 105) 

wee 
ret = 
P [sree = 105) 
ee 


| 145 | 

ae 

| 59 

| 312 _| 

eee 
4oo | fercucL-too] 

i= a 

| 252 | 

a 


Parameter Parameter 
Symbol Description 
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External Program and Data Memory Characteristics 


TATCLCL 
TOHLL 
TAVL 
TLLAK 
TLV 
TUL 
TPL 
TPLIV 
TPXIK 
TPXIZ 
TAVIV 
TPLAZ 
TRLRH 


TWLWH WR Pulse Width 


TRLOV RD LOW to Valid Data In 


TRHDX Data Hold After RD 


TRHDZ 

TLLDV PTareucu= 50] 
[tavov | Adress to Valid Data in _—————*[ + se | | ses_[ _Jorcict-165] ns _| 
P Tiwi ALE LOW to FO or WHLOW | tar | 200 | 200 | 00 | svoicL—so | arcict+s0| ne _| 
[rave | Adeoss Vat to Read or Wete tow [120 | | 20a | _frouci-to] ——~«d| ns | 
[rawwx | Data Vaid to WA Tranaiton _———Ssd[ 2 || 2 | race [ios 
[TovwH | Data Vaicrto wate HIGH ——~«| eer (| «| aoa | route [SiC 
PTwHox [Data Hod Arter WA ——SSCSCS~SC~—s te | Cit (| Cid recto | Sid 
[trtaz | RD LOW to Address Fat ——S—SC~dP SCT CrP SCC] of Cd Cd 
[whith [RO or WA HIGH to ALE HIGH [| 2 | 1 _| «| 120 | ToUcL-a0_| TOLL +40 | ns | 


7 
27 
275 
275 


6TCLCL - 100 
P__ferorec 6s 


148 





4-29 


80051BH/80C31BH 


SWITCHING WAVEFORMS 


= TAVLL «| «= |< TPL PH» 


TLLIV 


TRV 


TPXIZ|-—~ 
TexIx—e] |— 


Se aan al 7, sal, 


ae 


External Program Memory Read Cycle 


WF021961 


TRHOZ 


TRHOX —} |= 
Ady [prow mi on'on. } \/ AD»9-ad: 
\ FROM a On mL rroumonon. XXX XX} DATA IN yy FROM Pcl 
TAVWL AD9-ADy 
TAVOV 


4 P2.0-P2.7 OR Ag-Aqs FROM OPH Ag-Aqs FROM PCH 


WF020961 


External Data Memory Read Cycle 
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SWITCHING WAVEFORMS (Cont'd.) 


© 
° 
QO 
oa 
=, 
w 
<= 
S 
© 
o 
2 
ro) 
ml, 
ow 
= 


AD9-AD, 
FROM PCL 


P2.0 - P2.7 OR Ag- Ayg FROM OPH Ag- Ays FROM PCH 


WF020931 


External Data Memory Write Cycle 





ae 7 


cme X  XeoX KmoX KeeX  KeoX Kwok  KweX Kao) 
t 


WF020950 


Shift Register Timing Waveforms 
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EXTERNAL CLOCK DRIVE 


a 
Symbol Description 

ee ee 
Tox. —S«; LOW Time SSSSC~—“—~*CS*~*—~sC‘“‘TSC‘|SCdrYSC CdS Cd 
TOUGH —~—=i«d; iso Time ——SSSC~=~—s—C—sSCSCSC‘“~C~*drSCSC<‘CS~<~C~*~rSC<~SS~<‘dCCSC‘iSCd 
| TCHCL | Falltime ts 


TCHCL 


WF020910 
External Clock Drive Waveform 


SERIAL PORT TIMING — SHIFT REGISTER MODE 
Test Conditions: Ta = 0°C to 70°C; Voc =5 V +20%; woe =0 V; Load Capacitance = 80 pF 


P t Pp t Variable Oscillator 
arameter arameter 


TXLXL Serial Port Clock Cycle Time | 750 | | tatccce | sss 
TQVXH Output Data Setup to Clock Rising Edge | 492 | = |roTcLcL-133] = | ns | 


TXHOQX Output Data Hold After Clock Rising Edge | 8 | | 2TCLCL-117/ = | ns | 
TXHOX | Input Data Hold Attor Glock Rising Edge [0 | | 0 |_| _»s_| 
TXHDV Clock Rising Edge to Input Data Valid } | gg2 fs AOTCLCL-133] ns | 


Vou-0.1 V 


Vo_t0.1V 


WF020900 WF020940 


AC INPUTS DURING TESTING ARE DRIVEN AT Vcc-0.5 FOR A LOGIC FOR TIMING PURPOSES A PORT PIN IS NO LONGER FLOATING 
"4" AND 0.45 V FOR A LOGIC "0." TIMING MEASUREMENTS ARE WHEN A 100 mV CHANGE FROM LOAD VOLTAGE OCCURS, AND 
MADE AT Viy MIN. FOR A LOGIC "1" AND Vi_ MAX. FOR A LOGIC BEGINS TO FLOAT WHEN A 100 mV CHANGE FROM THE LOADED 
"0." VoH/VoLLEVEL OCCURS. IoL/loH 2 +20 mA. 


AC Testing Input/Output Waveforms Float Waveform 
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80515/80535 


8-Bit Single-Chip Microcontroller 


ADVANCE INFORMATION 


DISTINCTIVE CHARACTERISTICS 


8K x 8 ROM (80515 only) 

256 x8 RAM 

Six 8-bit ports; 48 I/O lines 

Three 16-bit Timer/Event Counters 

Reload, capture, compare capabilities on Timer 2 
Full-Duplex Serial Channel 

Twelve Interrupt Sources; four priority levels 

8-bit A/D Converter 


Upward-compatible with 8051 

16-bit Watchdog Timer 

VPD provides standby current for 40 bytes of RAM 
Boolean processor 

256 bit-addressable locations 

Most instructions execute in 1 us 

64K bytes Program Memory space 

64K bytes Data Memory space 


GENERAL DESCRIPTION 


The 80515/80535 is a stand-alone, high-performance sin- 
gle-chip microcontroller based on the 8051 architecture. 
While maintaining all the 8051 operating characteristics, the 
80515/80535 incorporates several enhancements which 
significantly increase design flexibility and overall system 


performance. With onboard A/D Converter and Watchdog 
Timer, the 80515 is ideal for motor control applications 
ranging from automotive engines to vending machines. The 
80535 is identical to the 80515 except that it lacks the on- 
chip ROM. 


BLOCK DIAGRAM 


XTAL1 = XTAL2 
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This document contains information on a product under development at Advanced Micro Devices, Publication # Rev. Amendment 
Inc. The information is intended to help you to evaluate this product. AMD reserves the right 09137 


to change or discontinue work on this proposed product without notice. 
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CONNECTION DIAGRAM 
Top View 


2D P3S/T1 


CD010840 


LOGIC SYMBOL 


(SV) 
Vcc vss 


LS003051 
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PIN DESCRIPTION 


Port 0 Port 0 (Input/Output; Open Drain) 
Port 0 is an open-drain bidirectional I/O port. Port 0 pins that 
have ''1''s written to them float, and in that state can be 
used as high-impedance inputs. 


Port 0 is also the multiplexed LOW-order address and data 
bus during accesses to external Program and Data Memory. 
In this application it uses strong internal pullups when 
emitting ''1''s. Port 0 can sink/source eight LS TTL inputs. 
Port 0 also outputs the code bytes during program 
verification in the 80515. External pullups are required 
during program verification. 


Port 1 Port 1 (Input/Output) 
Port 1 is an 8-bit bidirectional 1/O port with internal pullups. 
Port 1 output buffers can sink/source four LS TTL inputs. 


Port 1 pins that have ''1''s written to them are pulled HIGH. 


by the internal pullups and — when in this state — can be 
used as inputs. As inputs, Port 1 pins that are externally 
being pulled LOW will source current (Ij_ on the data sheet) 
because of the internal pullups. Port 1 also receives the 
LOW-order address bytes during program verification. 


Port 1 also serves the functions of various special features 
as listed below: 


| Port | Symbol Alternate Function 


INT3/CCO | External interrupt 3 input, 
compare 0 output, capture 0 
input 
External interrupt 4 input, 
compare 1 output, capture 1 
input 
External interrupt 5 input, 
compare 2 output, capture 2 
input 
External interrupt 6 input, 
compare 3 output, capture 3 
input 
INT2 External interrupt 2 input 
Timer 2 external reload trigger 
input 
System clock output 
Timer 2 external counter input 


INT4/CC1 


INT5/CC2 


INT6/CC3 





Port 2. Port 2 (Input/Output) 

Port 2 is an 8-bit bidirectional I/O port with internal pullups. 
The Port 2 output buffers can sink/source four LS TTL 
inputs. Port 2 pins having ''1''s written to them are pulled 
HIGH by the internal pullups and — while in this state — can 
be used as inputs. As inputs, Port 2 pins externally being 
pulled LOW will source current (Ij_) because of the internal 
pullups. 


Port 2 emits the HIGH-order address byte during fetches 
from External Program Memory and during accesses to 
External Data Memory that use 16-bit addresses (MOVX @ 
DPTR). In this application it uses strong internal pullups 
when emitting ''1''s. During accesses to External Data 
Memory that use 8-bit addresses (MOVX @ Ri), Port 2 emits 
the contents of the P2 Special Function register. 


Port 2 also receives the HIGH-order address bits during 
ROM verification. 


Port 3 Port 3 (Input/Output) 
Port 3 is an 8-bit bidirectional |/O port with internal pullups. 
The Port 3 output buffers can sink/source four LS TTL 
inputs. Port 3 pins that have ''1''s written to them are pulled 


HIGH by the internal pullups and — while in this state — can 
be used as inputs. As inputs, Port 3 pins externally being 
pulled LOW will source current (l)_) because of the pullups. 


Port 3 also serves the functions of various special features 
as listed below: 


port | Symbol | Alternate Funotion 


Serial input port 

Serial output port 

External interrupt 0 input, 
timer 0 gate control 

External interrupt 1 input, 
timer 1 gate control 

Timer 0 external counter input 
Timer 1 external counter input 
External Data Memory write 
strobe 

External Data Memory read 
strobe 


Port 4 Port 4 (Input/Output) 
Port 4 is an 8-bit quasi-bidirectional 1/O port. Port 4 can 
sink/source four LS-TTL loads. 


Port 5 Port 5 (Input/Output) 


Port 5 is an 8-bit quasi-bidirectional 1/O port. Port 5 can 
sink/source four LS-TTL loads. 


RST Reset (Input; Active LOW) 
A LOW level on this pin for the duration of two machine 
cycles while the oscillator is running resets the 80515. A 
small internal pullup resistor permits power-on reset using 
only a capacitor connected to Vss. 


ALE Address Latch Enable (Output; Active HIGH) 
Address Latch Enable output pulse for latching the LOW 
byte of the address during accesses to external memory. 


In normal operation ALE is emitted at a constant rate of 1/6 
the oscillator frequency, allowing use for external-timing or 
clocking purposes. Note, however, that one ALE pulse is 
skipped during each access to external Data Memory. 


PSEN Program Store Enable (Input; Active LOW) 
PSEN is the read strobe to External Program Memory. 
When the 80515 is executing code from External Program 
Memory, PSEN is activated twice each machine cycle — 
except that two PSEN activations are skipped during each 
access to External Data Memory. PSEN is not activated 
during fetches from Internal Program Memory. 


EA _ External Access Enable (Input; Active LOW) 
EA must be externally held LOW to enable the device to 
fetch code from external Program Memory locations 0000H 
to 1FFFH. If EA is held HIGH, the device executes from 
Internal Program Memory unless the program counter 
contains an address greater than 1FFFH. For the 80535, EA 
must be LOW. 


XTAL; Crystal (Input) 
Input to the inverting oscillator amplifier. When an external 
oscillator is used, XTAL1 should be grounded. 

XTAL2 Crystal (Output) 
Output of the inverting oscillator amplifier. XTALo is also the 
input for the oscillator signal when using an external 
oscillator. 

Vcc Power Supply 
Supply voltage during normal operations. 


Vss__ Circult Ground 





SES08/S1S08 





80515/80535 


Vpp Power-Down Supply 
\f Vpp is held within its specs while Vcc drops below specs, 
Vpp will provide standby power to 40 bytes of the internal 
RAM. When Vpp is LOW, the RAM's current is drawn from 
Voc. 


Varner Reference Voltage for the A/D Converter 


FUNCTIONAL DESCRIPTION 


The architecture of the 80515 is based on the 8051 Microcon- 
troller. The following 8051 features are retained in the 80515: 
@ Instruction set 

External memory expansion interface (Port 0 and Port 2) 

Full-duplex serial port 

Timer/counters 0 and 1 

Alternate functions on Port 3 

The lower 128 bytes of internal RAM and the lower 4 

Kbytes of internal ROM. 


The 80515 contains an additional 128 byte of internal RAM 
and 4 Kbyte of internal ROM; thus a total of 256 byte RAM and 
8 Kbyte ROM on-chip. The 80515 has a third 16-bit timer/ 
controller with a 2:1 prescaler, reload mode, compare and 
capture capability. It also contains a 16-bit watchdog timer, an 
8-bit A/D converter with 8 analog inputs and programmable 
reference voltages, two additional quasi-bidirectional 8-bit 
ports, a programmable clock output (fosc/12), a RAM power- 
down supply, which supplies 40 byte with a typical current of 
1 mA, and a powerful interrupt structure with 12 sources and 4 
priority levels. 


Figure 2 shows a detailed block diagram of the 80515. 
CPU 


The 80515 is efficient both as a controller and as an arithmetic 
processor. It has extensive facilities for binary and BCD 
arithmetic and excels in bit-handling capabilities. Efficient use 
of Program Memory results from an instruction set consisting 
of 44% one-byte, 41% two-byte, and 15% three-byte instruc- 
tions. With a 12-MHz crystal, 58% of the instructions execute 
in 1.0 ys. 


Memory Organization 


The 80515 manipulates operands in the four memory address 
spaces described below: 


2000 


FF 
Internat External 
(Fae) (FA=0) 
0 


VaGnp Reference Ground for the A/D Converter 


ANgo—AN7 Multiplexed Analog Inputs 

Vep_ Substrate Pin 
Must be connected to Vssg through a capacitor (100 to 
1000 nF) for proper operation of the A/D converter. 


Program Memory 


The 80515 has 8 Kbyte of on-chip ROM, while the 80535 has 
no internal ROM. The Program Memory can be externally 
expanded up to 64 Kbyte. If the EA pin is held HIGH, the 
80515 executes out of internal ROM unless the address 
exceeds 1FFFH. Locations 2000H through FFFFH are then 
fetched from the External Program Memory. If the EA pin is 
held LOW, the 80515 fetches all instructions from the External 
Program Memory. Since the 80535 has no internal ROM, pin 
EA must be tied LOW when using this device. 


Data Memory 


The Data Memory address space consists of an internal and 
an external memory space. The Internal Data Memory is 
divided into three physically separate and distinct blocks: the 
lower 128 byte of RAM; the upper 128 byte of RAM; and the 
128-byte special function register (SFR) area. While the upper 
128 byte of Data Memory and the SFR area share the same 
address locations, they are accessed only through different 
addressing modes. The lower 128 byte of Data Memory can 
be accessed through direct or register-indirect addressing; the 
upper 128 byte of RAM can be accessed through register- 
indirect addressing; and the special function registers are 
accessible only through direct addressing. 


Four 8-register banks occupy locations 0 through 1FH in the 
lower RAM area. The next 16 bytes, locations 20H through 
2FH, contain 128 directly accessible bit locations. The stack 
can be located anywhere in the Internal Data Memory address 
space, and the stack depths can be expanded up to 256 byte. 


The External Data Memory can be expanded up to 64 Kbyte 
and can be accessed by instructions that use a 16-bit or 8-bit 
address. 


All registers, except the program counter and the four 8- 
register banks, reside in the special function register area. The 
41 special function registers (SFRs) include arithmetic regis- 
ters, pointers, and registers that provide an interface between 
the CPU and the on-chip peripheral functions. There are also 
128 directly addressable bits within the SFR area. The special 
function registers are listed in Table 1. 


Shared Address Location 


BD007370 


Figure 1. Memory Address Spaces 
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AGNO 


Figure 2. Detailed Block Diagram 
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TABLE 1. SPECIAL FUNCTION REGISTERS 


Port 0 
Stack Pointer 


Data Pointer, LOW Byte 
Data Pointer, HIGH Byte 


Power Control Register 
Timer Control Register 
Timer Mode Register 
Timer 0, LOW Byte 
Timer 1, LOW Byte 
Timer 0, HIGH Byte 
Timer 1, HIGH Byte 


Port 1 


Serial Port Control Register 
Serial Port Buffer Register 


Port 2 


Interrupt Enable Register 0 
Interrupt Priority Register 0 


Port 3 


Interrupt Enable Register 1 

Interrupt Priority Register 1 

Interrupt Request Control Register 
Compare/Capture Enable Register 
Compare/Capture Register 1, LOW Byte 
Compare/Capture Register 1, HIGH Byte 
Compare/Capture Register 2, 
Compare/Capture Register 2, 
Compare/Capture Register 3, 
Compare/Capture Register 3, 
Timer 2 Control Register 
Compare/Reload/Capture Register, LOW Byte 
Compare/Reload/Capture Register, HIGH Byte 


Timer 2, LOW Byte 
Timer 2, HIGH Byte 


Program Status Word Register 
A/D-Converter Control Register 
A/D-Converter Data Register 
D/A-Converter Program Register 


Accumulator 
Port 4 

B Register 
Port 5 


Default After 
Power-On Reset 


11111111 

00000111 

00000000 
00000000 
OXXXXXXX 
00000000 
00000000 
000000¢C0 
00000000 
00000000 
00000000 
11111111 

00000000 

Indeterminate 

11111141 

00000000 
00000000 
11117411 

00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
14411111 

00000000 
144171111 


LOW Byte 
HIGH Byte 
LOW Byte 
HIGH Byte 


The SFRs marked with an asterisk (*) are both bit and byte-addressable. 


Figure 1 illustrates the memory address spaces of the 80515, 


1/0 Ports 


The 80515 has six 8-bit ports. Port 0 is an open-drain 
bidirectional I/O port, while Ports 1 through 5 are quasi- 
bidirectional I/O ports with internal! pullups. That means, when 
configured as inputs, Ports 1 through 5 will pull HIGH and will 
source current when externally pulled LOW. Port 0 will float 
when configured as input. 


Port 0 and Port 2 can be used to expand the Program and 
Data Memory externally. During an access to external memo- 
ry, Port 0 emits the LOW-order address byte and reads/writes 
the data byte, while Port 2 emits the HIGH-order address byte. 
In this function, Port 0 is an open-drain port, but uses a strong 
internal pullup FET. 


Timer/Counters 


The 80515 contains three 16-bit timer/counters which are 
useful in many applications for timing and counting. The input 
clock for each timer/counter is 1/12 of the oscillator frequen- 
cy in the timer operation or can be taken from an external 
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clock source for the counter operation (maximum count rate is 
1/24 of the oscillator frequency). 


Timer/Counters 0 and 1 

These timer/counters can operate in four modes: 
Mode 0: 
Mode 1: 
Mode 2: 
Mode 3: 


8-bit timer/counter with 32:1 prescaler 
16-bit timer/counter 
8-bit timer/counter with 8-bit auto-reload 


Timer/counter 0 is configured as one 8-bit timer/ 
counter and one 8-bit timer; timer/counter 1 in this 
mode holds its count. 


External inputs INTo and INT; can be programmed to function 
as a gate for timer/counters 0 and 1 to facilitate pulse width 
measurements. 


Timer/Counter 2 


Timer/counter 2 of the 80515 is a 16-bit timer/counter with 
several additional features. It offers a 2:1 prescaler, a select- 





able gate function, and compare, capture, and reload func- 
tions. Corresponding to the 16-bit timer register there are four 
16-bit capture/compare registers; one of them can be used to 
perform a 16-bit reload on a timer overflow or external event. 
Each of these registers corresponds to a pin on Port 1 for 
capture input/compare output. 


Figure 3 shows a block diagram of the timer/counter 2. 


Reload: With the 16-bit CRC register, which is a concatena- 
tion of the 8-bit registers CRCL and CRCH, a 16-bit reload can 
be performed. There are two modes from which to select: 


Mode 0: Reload is caused by a timer 2 overflow (auto- 
reload). 


Mode 1: Reload is caused in response to a negative 
transition at pin T2EX (P1.5), which can also 
request an interrupt. 


Compare: In the compare mode, the 16-bit values stored in 
the dedicated compare registers are compared to the con- 
tents of the timer 2 registers. If the count value in the timer 2 
registers matches one of the stored values, an appropriate 


PLS/T2EXo 


PLVT2 


CCL3/CCH3 


output signal is generated and an interrupt is requested. Two 
compare modes are provided: 


Mode 0: Upon a match, the output signal changes from 
LOW to HIGH. It goes back to a LOW level when 
timer 2 overflows. 


The transition of the output signal can be deter- 
mined by software. A timer 2 overflow causes no 
output change. 


Capture: This feature permits saving the actual timer/counter 
contents into a selected register upon an external event or a 
software write operation. Two modes are provided to latch the 
current 16-bit value in timer 2 registers into a dedicated 
capture register: 


Mode 0: Capture is performed in response to a transition at 
the corresponding Port 1 pins CCO to CC3. 


Mode 1: Write operation into the LOW-order byte of the 
dedicated capture register causes the timer 2 
contents to be latched into this register. 


PLO/TRTS/CCO 
PLASINTS/CCL 
PIZ/INTSICC2 
PLMINT6/CC3 


BD007350 


Figure 3. Timer/Counter 2 Block Diagram 


Watchdog Timer 


As a means of safe recovery from software or hardware upset, 
a watchdog timer is provided in the 80515. If the software fails 
to clear the watchdog timer at least every 65,532 ys, an 
internal hardware reset will be initiated. The software can be 
designed such that the watchdog times out if the program 
does not progress properly. The watchdog will also time out if 
the software error was due to hardware-related problems. This 
prevents the controller from malfunctioning for longer than 65 
ms if a 12 MHz oscillator is used. 


The watchdog timer is a 16-bit counter which is incremented 
once every machine cycle. After an external reset, the 
watchdog timer is disabled and cleared to OOOOH. The counter 
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is started by setting bit SWDT (bit 6 in SFR IEN1). After having 
been started, the watchdog timer OO00H by cannot be stopped 
by software. It can only be cleared to OOOOH by first setting bit 
WOT (IENO.6) and with the next instruction setting SWDT. Bit 
WDT will automatically be cleared during the third machine 
cycle after having been set. This double instruction clearing of 
the watchdog timer was implemented to minimize the chance 
of unintentionally clearing the watchdog. To prevent the 
watchdog from overflowing, it must be cleared periodically. 


lf the software fails to clear the watchdog in time, an internally 
generated watchdog reset is entered at the counter state 
FFFCH, which lasts four machine cycles. This internal reset 
differs from an external reset only to the extent that the 
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watchdog timer is not disabled and bit WDTS (watchdog timer 
status, bit 6 in SFR IPO) is set. Bit WOTS allows the software 
to examine from which source the reset was initiated. If it is 
set, the reset was caused by a watchdog timer overflow. 


Serial Port 


The serial port of the 80515 permits the full-duplex communi- 
cation between microcontrollers or between microcontrollers 
and peripheral devices. The serial port can operate in four 
modes: 


Mode 0: Shift register mode. Serial data enters and exits 
through RxD. TxD outputs the shift clock. Eight bits 
are transmitted/received — eight data bits (LSB) 
first. The baud rate is fixed at 1/12 of the oscillator 
frequency. 


Ten bits are transmitted (through RxD) or received 
(through TxD) — a start bit (0), eight data bits (LSB 
first), and a stop bit (1). The baud rate is variable. 


Eleven bits are transmitted (through RxD) or re- 
ceived (through TxD) — a start bit (0), eight data 
bits (LSB first), a programmable 9th data bit, anda 
stop bit (1). The baud rate is programmable to 
either 1/32 or 1/64 of the oscillator frequency. 


Eleven bits are transmitted (through TxD) or re- 
ceived (through RxD) —a start bit (0), eight data 
bits (LSB first), a programmable 9th data bit, anda 
stop bit (1). Mode 3 is the same as mode 2 in all 
respects except the baud rate; the baud rate in 
mode 3 is variable. 


Programming 
IVAREF 


Baud System Clock 
Rate Enable 
Enable 


The variable baud rates can be generated by timer 1 or an 
internal baud rate generator. 


A/D Converter 


The 8-bit A/D converter of the 80515 has eight multiplexed 
analog inputs and uses the successive approximation method. 
The sampling of an analog signal takes 5 machine cycles, the 
total conversion time is 15 machine cycles (15 us at 12 MHz 
oscillator frequency). Conversion can be programmed to be 
single or continuous; at the end of a conversion an interrupt 
can be generated. 


The internal reference voltages IVAREF and IVAGND for the 
A/D converter are programmable in 16 steps with respect to 
the external reference voltages. This feature permits a second 
conversion with changed internal reference voltages to gain a 
higher resolution. In addition, the internal reference voltages 
can easily be adapted by software to the desired analog 
voltage range. The D/A conversion of the divide factors for the 
reference voltages takes 7 machine cycles each (7 us at 12 
MHz oscillator frequency). 


Figure 4 shows a block diagram of the A/D converter of the 
80515. 
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Figure 4. A/D Converter Block Diagram 





Interrupt Structure 


The twelve interrupt sources of the 80515 are organized in six 
pairs: 


1) External interrupt to 0— A/D converter interrupt 
2) Timer 0 interrupt — External interrupt 2 

3) External interrupt 1— External interrupt 3 

4) Timer 1 interrupt — External interrupt 4 

5) Serial port interrupt — External interrupt 5 

6) Timer 2 interrupt — External interrupt 6 


Each interrupt source has its own vector address. It can be 
programmed to one of four priority levels and can individually 


P3.2/INTO 


TIMERO 
Overflow 


 P3.3/INTI 


TIMER 1 
Overflow 
Receiver 


SERIAL PORT 
Transmitter 


TIMER2 
Overflow 


A/D-Converter 


a 


PVS/INT 2 


a 


P1.0/INT3/CCO ° 
CON.6 


Compare 1 


PLVINTSICCI 


Compare 2 


P1.2/INTS/CC2 


Compare3 


P1.3/INT6/CC3 


pisi2ex—|~ fo“ XF2 
EXEN2 


Bs ie GEN: 202) Je 


be enabled/disabled. The minimum interrupt response time is 
3 to 8 machine cycles. 


External interrupts 0 and 1 can be activated by a LOW-level or 
a negative transition (selectable) at their corresponding input 
pin; external interrupts 2 and 3 can be programmed to be 
activated by a negative or a positive transition. The external 
interrupts 4 to 6 are activated by a positive transition. The 
interrupts 3 to 6 can be combined with the corresponding 
alternate functions compare (output) and capture (input) on 
Port 1. 


Figure 5 shows the interrupt request sources, and Figure 6 
illustrates the priority level structure of the 80515. 


Interrupt Control 


T2C0N.5 | I] 


Compare 0 


AF004770 


Figure 5. Interrupt Request Sources 
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Figure 6. Priority Level Structure 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature -65 to + 150°C Commercial (C) Devices 

Voltage on Any Pin Temperature (Ta) 0 to +70°C 
with Respect to Ground(Vss) . ; Supply Voltage (VCC) ......ecsececeesenecsenees 5.0 V + 10% 
Power Dissipation Ground (Vss) 


S€S08/S1S08 


Stresses above those listed under ABSOLUTE MAXIMUM Operating ranges define those limits between which the 
RATINGS may cause permanent device failure. Functionality functionality of the device is guaranteed. 

at or above these limits is not implied. Exposure to absolute 

maximum ratings for extended periods may affect device 

reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameter Parameter Test 
ee Description Conditions 
Input HIGH Voltage 
(Except RESET and XTAL»2) oon | O 
Input HIGH Voltage to XTAL») XTAL; toVsg ws | 25 
wee Power-Down Voltage ee 


Output LOW Voltage, Ports 1, 2, 3, 4) 5%, . [lop =1.6 m 


.|-Qutput HIGH Voltage, Port 0, ALE, PSEN 
‘|, Logic O-Input Current, Ports 1, 2, 3, 4, 5 


"Tl Logic 0 Input Current, XTAL2 vice OaE : 





[ins | put LOw Gurent to FESET for Reset |Vu=oasv | —~'| ~-e00 | aa 

i, alan cnn eenGER - [wma [sue ae 

pe eer eee Pe 
80515/80535 Disconnected 

BCS C= a 





See Section 6 for Thermal Characteristics Information. 


4-43 


80515/80535 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified (C, for Port 0, ALE, 
and PSEN Outputs = 100 pF; Cy, For All Other Outputs = 80 pF) 


Parameter Parameter | 12 Miz Clock | Variable Clock 


Symbol Description 


Pruuaxt [Address How tor aE «dt Swe | CC tucnes | Cd 
Pritiv [ALE w vaia insmacion im | i] ee *d arm |e 
SN RO Ce 
[reir | PSEW Fuse wah ——S—~;SCiate || Caruces | Cd 
[ret [PEER wo Vala iaiacion in| —SCSCiCsSSC*dC 

ax] tintin Aer [0 
ewan vale Rr PEER [78 

Gere tir eam CR eke ge 
Prawoz [Data Fost ator FG ——=id|—SCSSC*id S| SSC*dC TO |e 
fruibv [ALE wo vats Daan SST SSSS*d st | ~*d Crucis [me 
Fravov | Adsress 1 Vala Oata im «| ——S*dt es | ~*d Cruces [ne 
Pruuwe [AL to WR or ———~SCSC*dt~SCwO || Cargo | ovcuc +s | me 
Fravwi [Adesso WA or FG ——«d aoe | | cue | Te 
whit [Wh or RO HGH w AHH | | a _| roa | races | ne 
Fravwx [ata Vaid to WA Tiansion [os [| roaso | =| rs 
Frovwit | Data Sewp Botow WA «| wa] —SC*drcucaiso | dC 
a, eae Oe ea eee 
rraiaz | Adsoss Float Ater AH | | |_| 


* Interfacing the 80515 to devices with float times up to 75 ns is permissible. This limited bus contention — not cause — 
damage to Port 0 drivers. 
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SWITCHING WAVEFORMS 


TCY 
TLHLL TLLIV 


TLLPL 


INSTR | 
PORT 0 Aoki 


nome eres f ADORESS A1S-A8 ( ADDRESS A1S-A8 


WF024621 


Program Memory Read Cycle 


TWHLH > 


_TAVWE TRHOZ 


TAVDV TLLAX2 Located 


{ar-s0 KY}-——{ oan 


TRLAZ 


Aponess. x ADDRESS A1S-A8 OR SFR-P2 


WF024630 


Data Memory Read Cycle 
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SWITCHING WAVEFORMS (Cont'd.) 


TOVWX 
TOV WK > =T WHO: 


» DATA OUT 


ADDRESS A1S-A8 OR SFR-P2 


WF024640 


Data Memory Write Cycle 


C=30 pF ¢ WpF 


Crystal Oscillator Mode Driving from External Source 
TC004310 


Recommended Oscillator Circuits 
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EXTERNAL CLOCK DRIVE 


| ea 
Symbol Description 

Parorct___—‘| Oscillator Frequency SCC CYSTS CS 
AE a Se a A (TS 
fp teucx i towtime —C—“*‘“‘;*~*é*dSC“‘ wd 
proc sd Riso ime —SC—“—*‘“‘*S*é*dSC“‘CS;SSC*iL OTOL O 
Pp ronce «| ‘alltime ——SSSSSCSCSC~CSCSCSCéSsYSC~;~‘“~;~*rCSC“‘“‘( DTC*dTSCOC CC 


fos] 
o 
or 
ot 
oO 
~ 
oe 
o 
ol 
ao 
oa 


WF020910 
External Clock Drive Waveform 


SERIAL PORT TIMING — SHIFT REGISTER MODE 
(Load Capacitance = 80 pF) 


P t Pp t Variable Oscillator 
arameter arameter 
symbol Description aa eee 


TXLXL Serial Port Clock Cycle Time | 40 | | tatccce | os 


[Tava | Output Data Setup to Glock Fising Edge | 700 | _[vorouct-reaf——SC*d ns 
| TRHOX | Output Data Hold After Giock Rising Edge | 50 | | araci-ni7] =i _ 
_TxHOX | Input Data Hold Aft Glock Fising Edge | 0 | | 0 +| _—_+i|_ms_| 
[—txHOv | Clock Rising Edge to Input Data Vaid | | 7o0| | torcic-10a] ne _| 


AC Testing 


02 Voc+0.9 VLOAD+0.1 V Vou-0.1V 
VicaD 7S. Tama REFERENCE 
0.2 Vec-0.1 VLOAD-0.1 V VoL+0.1V 


WF020900 WF020940 





FOR TIMING PURPOSES A PORT PIN IS NO LONGER FLOATING WHEN A 
100 mV CHANGE FROM LOAD VOLTAGE OCCURS, AND BEGINS TO 
FLOAT WHEN A 100 mV CHANGE FROM THE LOADED VoH/VoLLEVEL 
OCCURS. IoL/IoH = £20 mA. 


AC INPUTS DURING TESTING ARE DRIVEN AT Vcc-0.5 FOR A LOGIC 
"{"AND 0.45 V FOR A LOGIC "0." TIMING MEASUREMENTS ARE MADE 
AT Vin MIN. FOR A LOGIC ''1" AND Vi_ MAX. FOR A LOGIC "0." 


Input/Output Waveform Float Waveform 
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SYSTEM CLOCK TIMING 
Variable Clock 
Parameter 1/TCLCL = 1.2 MHz to 12 MHz 


ae SS aie 
oe eeu er 
ee a 








Parameter 
Symbol 














TSLSH CLKOUT LOW time 10TCLCL-40 
TSLLH CLKOUT LOW to ALE HIGH TCLCL-40 TCLCL + 40 


System Clock Timing 















TSLLH 


CLKOUT 












Program Memory Access Data Memory Access 
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A/D Converter Characteristics (Vcc = 5 V+10%; Vsg =0 V; Varner = Vcc 5%; VAGND = Vss £0.2 V; 
Ta =0 to +70°C) 


met [Seem [eats TTT om 
Symbol Description Conditions 
[Vaweut [Analog Input Votage «| =SSSSSS*d;CMao0.2 | Vanervoe | vi 
PG fAnalog Input Capactanco —Ss| SS SSC~dT~SC(‘SWCLOUOCOCOCC(C*dS’SCOF CI 
Pts |Sampotime S| SSCC™C~—~iSC‘C;~‘C CSC‘ CYC 

Te 


Conversion Time for IVAREF = VAREF 
(Including Sample Time) and !VaGNpD = VAGND rete - 
for IVAREF # VAREF 
and IVAGND = VAGND 
or 22 TCY us 
for IVAREF = VAREF 
and IVAGND # VAGND 
for IVAREF * VAREF 
29 TCY s 
and IVAGND * VAGND aa 
VaREF = Voc 
t SB 

















VAGND = Vss 
; Input Source 


Notes: 1. The internal resistance of the analog source must be less than 10 kQ2Q to assure full loading of the sample 
capacitance during sample time. 
2. The internal resistance of the analog reference voltage source must be less than 1 kQ2. 
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80C521/80C321 


CMOS Single-Chip Microcontroller 


ADVANCE INFORMATION 


DISTINCTIVE CHARACTERISTICS 


CMOS extensions to the 80C51 
256 Bytes of RAM 

8K Bytes of ROM (80C521 only) 
Programmable Watchdog Timer 
Dual Data Pointers 

Software Reset 


e@ All Original 80C51 Features Are Retained 
- 32 1/0 Lines 
- Two 16-Bit Timer/Counters 
— Five Source, Two Level Interrupt 
- 64K Bytes Program Memory Space 
— Full-Duplex Serial Port 
- Power-Down & Idle Modes 
- On-Chip Oscillator/Clock Circuit 
~ 64K Bytes Data Memory Space 


L2€008/12S908 


GENERAL DESCRIPTION 


The 80C521 and 80C321 Microcontrollers are fully instruc- 
tion-set-compatible and pin-compatible enhancements of 
the 80C51/80C31. The 80C521 contains 8K bytes of ROM, 
256 bytes of RAM, a programmable Watchdog Timer, and 
Dual Data Pointers. The Watchdog Timer can be pro- 
grammed to times ranging from 128 microseconds to four 
full seconds at 12 MHz. 


The Dual Data Pointer structure speeds access to external 
memory by providing two identical 16-bit data pointers with 
a fast switching mechanism, rather than a single data 
pointer as in the rest of the 8051 Family. The 80C321 is a 
ROM-less version of the 80C521. 


SIMPLIFIED BLOCK DIAGRAM 


FREQUENCY 
REFERENCE 


OSCILLATOR 
& 8K BYTES 
TIMING (80C521 ONLY) 


64K BYTE BUS 
EXPANSION > PROGRAMMABLE VO 


CONTROL 


INTERRUPTS 


256 BYTES 


COUNTERS 


TWO 16-BIT 
TIMER/EVENT 
COUNTERS 





WATCHDOG 
TIMER 


PROGRAMMABLE 

SERIAL PORT 

+ FULL DUPLEX 
UART 

+ SYNCHRONOUS 
SHIFTER 


INTERRUPTS 


This document contains information on a product under development at Advanced Micro Devices, Inc. The 


PARALLEL PORTS 
ADDRESS DATA BUS 
AND I/O PINS 


information is intended to help you to evaluate this product. AMD reserves the right to change 


or discontinue work on this proposed product without notice. 
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Publication # Rev. Amendment 
09136 A /0 
Issue Date: July 1987 


80C0521/80C321 


DETAILED BLOCK DIAGRAM 
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CONNECTION DIAGRAMS 
Top View 


Le€D08/1-2S908 
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Note: Pin 1 is marked for orientation. 


LOGIC SYMBOL 
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PIN DESCRIPTION 


Port 0 (Bidirectional, Open Drain) 


Port 0 is an open-drain bidirectional I/O port. Port 0 pins that 
have ''1''s wriiten to them float, and in that state can be 
used as high-impedance inputs. 


Port 0 is also the multiplexed LOW-order address and data 
bus during accesses to external Program and Data Memory. 
In this application it uses strong internal pullups when 
emitting ''1''s. Port 0 also outputs the code bytes during 
program verification in the 80C521. External pullups are 
required during program verification. 


Port 1 (Bidirectional) 


Port 1 is an 8-bit bidirectional I/O port with internal pullups. 
The Port 1 output buffers can sink/source four LSTTL 
inputs. Port 1 pins that have ''1''s written to them are pulled 
HIGH by the internal pullups and — while in this state — can 
be used as inputs. As inputs, Port 1 pins that are externally 
being pulled LOW will source current (Ij_ on the data sheet) 
because of the internal pullups. 


Port 1 also receives the LOW-order address bytes during 
program verification. 


Port 2 (Bidirectional) 

Port 2 is an 8-bit bidirectional !/O port with internal pullups. 
The Port 2 output buffers can sink/source four LSTTL 
inputs. Port 2 pins having ''1''s written to them are pulled 
HIGH by the internal pullups and — while in this state — can 
be used as inputs. As inputs, Port 2 pins externally being 
pulled LOW will source current (lj_) because of the internal 
pullups. 


Port 2 emits the HIGH-order address byte during fetches 
from external Program Memory and during accesses to 
external Data Memory that use 16-bit addresses (MOVX 
@DPTR). In this application it uses strong internal pullups 
when emitting '1''s. During accesses to external data 
memory that use 8-bit addresses (MOVX @Ri), Port 2 emits 
the contents of the P2 Special Function Register. Port 2 
also receives the HIGH-order address bits during ROM 
verification. 


Port 3 (Bidirectional) 
Port 3 is an 8-bit bidirectional I/O port with internal pullups. 
The Port 3 output buffers can sink/source four LSTTL 
inputs. Port 3 pins that have ''1''s written to them are pulled 
HIGH by the internal pullups and — while in this state — can 
be used as inputs. As inputs, Port 3 pins externally being 
pulled LOW will source current (Ij_) because of the pullups. 


Port 3 also serves the functions of various special features 
as listed below: 


RST Reset (Input/Output, Active HIGH) 
A HIGH on this pin—for two machine cycles while the 
oscillator is running—resets the device. An internal 
diffused resistor to Vsg permits power-on reset, using only 
an external capacitor to Vcc. 


Immediately prior to a Watchdog Reset or Software Reset, 
this pin is pulled HIGH for one state time. The internal pull- 
up can be overdriven by an external driver capable of 
sinking/sourcing 2.5 mA (see Figure 6 for possible circuit 
configurations). 


ALE Address Latch Enable (Output, Active HIGH) 
Address Latch Enable output pulse for latching the LOW 
byte of the address during accesses to external memory. 


In normal operation ALE is emitted at a constant rate of 1/6 
the oscillator frequency, allowing use for external-timing or 
clocking purposes. Note, however, that one ALE pulse is 
skipped during each access to external Data Memory. 


PSEN Program Store Enable (Output, Active LOW) 
PSEN is the read strobe to external Program Memory. When 
the 80C521 Is executing code from external program 
memory, PSEN Is activated twice each machine cycle — 
except that two PSEN activations are skipped during each 
access to external Data Memory. PSEN is not activated 
during fetches from internal Program Memory. 


EA External Access Enable (Input, Active LOW) 
EA must be externally held LOW to enable the device to 
fetch code from external Program Memory locations 0000H 
to 1FFFH. If EA is held HIGH, the device executes from 
internal Program Memory unless the program counter 
contains an address greater than 1FFFH. 
The 80C521 internally latches the value of the EA pin at the 
falling edge of the reset pulse on the RST pin during a 
Hardware or Power-on Reset. Once latched, the EA value 
cannot be changed except by a Hardware reset. - 

XTAL; Crystal (Input) 
Input to the inverting-oscillator amplifier, and input to the 
internal clock-generator circuits. 

XTAL2 Crystal (Output) 
Output from the inverting-oscillator amplifier. 

Vcc Power Supply 
Supply voltage during normal, idle, and power-down 
operations. 


Vss_Circult Ground 


Pron pin | Alternate Function 
Pao | FXO (eral input pom) —*d 
Pas | 7x0 (eer output por) 
[Paz [NG (Edema interupt 


Pag [ INT; (enema! iterupt 1) 
[Pau | To (Timer 0 extemal hou 
[Pas [Tr (inert extemal input) 
[Fae | WA (external Data Memory wile obo) 
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FUNCTIONAL DESCRIPTION 


Program Memory 


The 80C521 has 64K bytes of Program Memory space. The 
lower 8K bytes (addresses 0000H to 1FFF) may reside on- 
chip. Instructions residing at addresses beyond 1FFF will 
always be fetched externally. When the External Access (EA) 
pin is held LOW, all code-fetch operations take place external- 
ly to the 800521. 


Data Memory 


The 80C521 can address 64K bytes of Data Memory external 
to the chip. The ''MOVX" instructions are used to access the 
external Data Memory. 


The internal data memory is comprised of three physically 
distinct memory spaces. They are the lower 128 bytes of RAM, 


the upper 128 bytes of RAM, and the 128 byte Special 
Function Register (SFR) space. The lower 128 bytes of RAM 
can be accessed through direct addressing (i.e., MOV addr, 
data), or indirect addressing (i.e., MOV @ Ri). The upper 128 
bytes of RAM (locations 80H through FFH) can be accessed 
only through indirect addressing modes. The Special Function 
Register space, while physically distinct from the upper 128 
bytes of RAM, shares addresses with the upper 128 bytes of 
RAM. The SFR space may be accessed through direct 
addressing modes only. 


The first 32 bytes of RAM contain four register banks, each of 
which contains eight general-purpose registers. The next 16 
bytes (locations 20H through 2FH) contain 128 directly ad- 
dressable bit locations. The stack may be located anywhere in 
the internal RAM space and may be up to 256 bytes in length. 


SPECIAL FUNCTION REGISTER MAP 


Default After 


Port 0 

Stack Pointer 
Data Pointer Low 
Data Pointer High 


Data Pointer Low 1 
Data Pointer High 1 
Data Pointer Selection 


Power Control 


Timer/Counter Control 
Timer/Counter Mode Control 
Timer/Counter 0 Low Byte 
Timer/Counter 1 Low Byte 
Timer/Counter 0 High Byte 
Timer/Counter 1 High Byte 


Port 1 

Serial Control 
Serial Data Buffer 
Port 2 


Interrupt Enable Control 
Watchdog Selection 


Watchdog Key 
Port 3 


Interrupt Priority Control 
Program Status Word 


Accumulator 
B Register 


* Bit Addressable 


* New SFRs defined on the 80C521/80C321 
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11111111 
00000111 
00000000 
00000000 
00000000 
00000000 
00000000 
OXXX0000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
11111111 
00000000 
Indeterminate 
41111111 
OXX00000 
00000000 
00000000 
41111111 
XXX00000 
00000000 
00000000 
00000000 
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Basic Timing Definitions 


Instructions in the 8051 Family execute in either one, two, or 
four machine cycles. A machine cycle is comprised of six state 
times with each state comprised of two clock cycles; thus, a 
machine cycle lasts 12 clock cycles. With an external oscilla- 
tor running at 12 MHz, a machiine cycle lasts 1 ys. At 16 MHz, 
a machine cycle lasts 750 ns, 


Reset Operation 


The 80C521/80C321 may be reset by four different methods: 
(1) Power-On Reset, (2) Hardware Reset, (3) Watchdog Reset, 
and (4) Software Reset. 


1) Power-on Reset occurs when the RST pin is wired to Voc 
using an external capacitor, and Vcc is activated. 


2) Hardware Reset occurs when the oscillator is running and 
the RST pin is held HIGH for two or more machine cycles. 


3) Watchdog Reset occurs when the count value of the 
Watchdog Timer is allowed to exceed the programmed value, 
resulting in an overflow signal that resets the chip in two 
machine cycles. 


4) Software Reset occurs when the software writes a Keyed 
sequence to the Key register of the Watchdog Timer. This 
causes a Watchdog Reset to be immediately generated. 


After Power-On Reset, the SFRs have the values indicated in 
the Special Function Register Map Section, and the contents 
of the Internal RAM are undefined. Hardware Reset is the 
same as Power-On Reset except that the contents of the 
Internal RAM are preserved. A Hardware Reset has priority 
over a Watchdog Reset or a Software Reset. The Watchdog 
Reset puts the 80C521 into the same state as the Hardware 
Reset except that the Reset Cause (RC) bit in the Watchdog 
Selection (WDS) register is set to a one. The Software Reset 
is functionally equivalent to the Watchdog Reset. 


Watchdog Timer 


The Watchdog Timer (WDT) is a specially designed timer unit 
that will reset the chip upon reaching a pre-programmed time 
interval. It operates independently of the two general purpose 
timer/counters and is dedicated specifically to the watchdog 
function. The Watchdog Timer allows safe recovery from 
problems resulting from unexpected input conditions, external 
events, or programming anomolies. 


The WDT is disabled following any reset. While disabled, the 
WDT time interval may be programmed. The WDT is enabled 
by a sequence of two write operations. 


Once enabled, the WDT cannot be stopped (i.e., disabled) . 
except by one of the four Reset types described in the last 
section. Furthermore, while the WDT is enabled, the WDT time 
interval cannot be modified. The WDT, however, may be 
cleared by software at any time with the same sequence of 
two write operations. The clearing operation causes the 
present count of the WDT to be set to zero, but it does not 
stop the WDT from incrementing. 


If the count in the WDT ever reaches the pre-programmed 
value, the WDT will overflow, resetting the chip in two machine 
cycles. This is a Watchdog Reset. Additionally, if a system 
error condition is discovered, software may intentionally gen- 
erate an immediate reset via the .WDT, using a special 
sequence of write operations. This is a Software Reset. 


A Watchdog Reset or Software Reset will set a special 
“cause” bit, allowing differentiation between these two Reset 
types and the Hardware or Power-On Reset types. Neither 
Watchdog Reset nor the Software Reset modify the contents 
of the Internal RAM. The Watchdog Reset will cause the RST 
pin to be pulled high during S1P1 and S1P2 of the first cycle of 
the two-cycle reset, providing a hardware indication that a 
reset is imminent. 


Two 8-bit Special Function Registers are associated with the 
WDT. They are as follows: 


Watchdog Selection- - (WDS)- ~—Address: A9 (Hex) 
Watchdog Key - -— (WDK)- —-Address: AA (Hex) 
Watchdog Selection- ~ (WDS)- — Address: ASH 


The Watchdog Selection register allows tho time interval of 
the WDT to be programmed and retains the cause of the most 
recent reset. This register is Read/Write, but its contents 
cannot be changed once the WDT has been enabled. Its 
default value after a Hardware or Power-On Reset = OOH. Its 
default value after a Watchdog Reset or Software Re- 
set = 80H. This is the only register on the 80C521 whose 
initialization value differs between the two reset groups. 


(MSB) (LSB) 


6 5 4 3 2 


7 1 0 


Bits 3-0 - -Programmed Time - -(PT3- PTO) 


The value contained in these bits at the time the Watchdog 
Timer is enabled determines the time interval of the WDT. The 
time interval is a multiple of the input clock period. The times 
are decoded as follows: 


Programmable Watchdog Timing Intervals 


prapro | 12 MHz | 6 MHz Clock Divide Ratlo 


NMMOVOWDPYPOONOAOAAROND=O 
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1536 
3072 
6144 
12288 
24576 
49152 
98304 
196608 
393216 
786432 
1572864 
3145728 
6291456 
12582912 
25165824 
50331648 





If the Programmed Time bits are read while the WDT is 
disabled, they will show the last value written. Once the WDT 
is enabled, these bits will show the programmed time of the 
WDT and cannot be modified. 


Bit_4 
Reserved. Will return an unidentified value when read. 


Bit 5- - Timer Verification - - (TV) 


This bit reflects Bit 12 of the internal counter within the 
Watchdog Timer. It will toggle every 8.192 ms at 12 MHz. This 
bit is Read-only. 


Bit 6 
Reserved. Will return an unidentified value when read. 


Bit_7- —Reset Cause - -—(RC) 


The Reset Cause bit indicates the cause of the last reset of 
the 800521. If a Power-On or Hardware Reset occurs, the bit 
is set to a zero by the reset circuitry. Ifa Watchdog or Software 
Reset occurs, the bit is set to a one by the reset circuitry. Like 
the Programmed Time bits, this bit may not be modified once 
the WDT is enabled. Writing this bit does not affect any chip 
function. 


Watchdog Key - -(WDK)- - Address: AAH 


This register controls the enabling and clearing of the Watch- 
dog Timer. The writing of an A5H followed by the writing of a 
5AH to this register enables the WOT to begin incrementing. It 
is not a requirement that the writes be on consecutive 
instructions, thus interrupts do not have to be disabled. Once 
the WDT is enabled, it may be cleared at any time by the 
writing of the same sequence. The clearing operation causes 
the present count of the WOT to be cleared, but does not stop 
the WDT from incrementing. 


This is a Write-only register. Read operations are not defined 
and will not affect the WDT circuitry. 


(MSB) (LSB) 


7 6 5 4 3 2 1 0 


The enabling/clearing operation of the Watchdog Timer is 
accomplished by writing a keyed sequence of values to the 
WDK register. The Keyed Sequence is comprised of two 
stages (see Figure 1). 
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1 STAGEA 
: 


WAIT FOR A WRITE TO WOK ; 


' 
ENABLECLEAR ' 
WATCHDOG TIMER : 


GENERATEO 
BD007220 
Figure 1. WDT Keyed Sequence Flowchart 


The Keyed Sequence is in Stage 1 after all forms of reset, or 
following any Watchdog enable or clear operation. In Stage 1 
all values written to the WDK register are ignored except ASH. 
An A5H causes the Keyed Sequence to enter Stage 2. 


Once Stage 2 is entered, the next write to the WDK register 
prompts one of the following actions: 1) If the next write is 
again an ASH, the Keyed Sequence remains in Stage 2; 2) If 
the next write is a SAH, the WDT is enabled/cleared, and the 
Keyed Sequence re-enters Stage 1; or, 3) If the next write is 
any other value, a Software Reset via the WDT is generated. 


Example of Write Operations to WDK: 
Write 
1st 2nd 


11 18 


Action Taken After Second Write 


No action taken, Keyed Sequence 
still in Stage 1 


AS A5 Keyed Sequence enters Stage 2 and 


remains there 


A5 5A _ WOT is enabled/cleared, Sequence 


reenters Stage 1 


A5 11 Software Reset occurs via the WDT 

The two-stage feature, together with the Software Reset, 
greatly reduces the chance of an instruction sequence acci- 
dentally clearing the Watchdog Timer. Furthermore, while still 
allowing a Software Reset to be initiated, the two-stage 
feature reduces the chance of unintentionally generating a 
Software Reset. : 
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Software Reset 


A Software Reset may be accomplished through the Watch- 
dog Timer. If an A5H is written to the Watchdog Key (WDk) 
register, followed by the write of a value other than A5H or 
5AH, a Software Reset will be generated. This "software- 
generated'’ Watchdog Reset occurs regardless of whether or 
not the Watchdog Timer was previously enabled. 


After the second value is written to the WDK register, program 
execution continues for one machine cycle before the reset 
operation begins. During S1P1 and S1P2 of this last machine 
cycle, the RST pin is pulled HIGH (see Figure 6). The reset 
operation lasts two machine cycles and does not modify the 
contents of the internal RAM. 


The Software Reset is functionally equivalent to the Watchdog 
Reset. For instance, the Reset Cause bit in WDS will be set to 
one, indicating a Watchdog Reset occurred (see the Watch- 
dog Timer section for more details). 


The following code may be used to generate a Software 
Reset. 


MOV WDK,#AS5H ; Write A5 (Hex) to WDK 


MOV WDK, #11H; Write 11 (Hex) to WDK 
Software Reset generated via WDT 


Dual Data Pointers 


The Dual Data Pointer structure is the means by which the 
80C521 Family may specify the address of an externa! Data 
Memory location. The Dual Data Pointer structure consists of 
two 16-bit registers that address external memory, and a 
single 8-bit register that allows the program code to selectively 
switch between them. They are located in the Special Func- 
tion Register space at the following addresses: 


82H 
83H 


Data Pointer Low 
Data Pointer High 


-(DPL) 


i TRO 
-(0PH) | Data Pointer 0 (DPTRO) 


84H 
85H 
86H 


Data Pointer Low 1 
Data Pointer High 1 


-(DPL1) 
~(DPH1) 
-(DPS) 


| Data Pointer 1 (DPTR1) 


Data Pointer Selection 


Data Pointer 0 (DPTRO) is the original data pointer on the 
standard 80C51 (formerly referred to as DPTR). Data Pointer 1 
(DPTR1) is an additional data pointer with identical character- 
istics. Instructions that refer to ''DPTR'' refer to the data 
pointer that is currently selected in the Data Pointer Selection 
(DPS) register. The six instructions that reference ''DPTR" are 
as follows: 


INC DPTR 
MOV DPTR,#data16 
MOVC A, @A + DPTR 


;Increments the data pointer by 1 
;Loads DPTR with a 16-bit constant 


;Move code byte relative to DPTR to 
Acc 


;Move external RAM (16-bit address) 
to Acc 


;Move Acc to external RAM (16-bit 
address) 


MOVX A, @DPTR 
MOVX @DPTR, A 


JMP @A+ DPTR ;Jump indirect relative to DPTR 

It is also possible to access each data pointer on a byte-by- 
byte basis by specifying its low or high byte in an instruction 
that accesses the Special Function Registers. These instruc- 
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tions can be executed at any time regardless of which of the 
two data pointers is currently selected. Three examples are as 
follows: 


MOV DPH,R3;Move the contents of Register 3 into DPH 
MOV A,DPL1 ;Move the contents of DPL1 into the Acc 


PUSH DPH1 ;Push the contents of DPH1 onto the stack 


The Dual! Data Pointer structure saves both time and code 
space by eliminating the need for frequent loading and 
unloading of a single data pointer. For instance, block move 
operations in external memory can be more efficiently imple- 
mented by using DPTRO as the source address, and DPTR1 
as the destination address. The Dual Data Pointer structure 
enhances this operation considerably. 


Data Pointer Selection - -(DPS)- -Address: 86H 


This register determines which of the two data pointers is 
currently ''selected.'' Once a data pointer is selected, the six 
"DPTR'"' instructions refer only and always to that data pointer 
until another data pointer is selected. Upon reset, the default 
data pointer (DPTRO) will be selected, thus retaining compati- 
bility with existing 8051 Family devices. The switch between 
data pointers may be accomplished with a single cycle 
instruction (such as: INC DPS or MOV DPS,A). The default 
value at reset = OOH. This is a Read/Write register. 


(MSB) (LSB) 
}o foto} of of of o Iseto| 
7 6 5 4 3 2 1 0 


Bit_0- -Select 0- ~(SELO) 


If this bit is 0, the original data pointer, DPTRO, is selected. If 
this bit is 1, DPTR1 is selected. This bit may be written by 
software at any time. When read, its current value is present- 
ed. 


Bits 7-1 


Reserved. Will return 0 when read. 
Data Pointer Low- -(DPL)- -Address: 82H 


DPL is a Read/Write register that contains the low byte of 
Data Pointer 0. It may be accessed at any time with an 
instruction that specifies a direct byte as a source of destina- 
tion. However, SELO in the DPS register must be set to 0 
before any of the six explicit "DPTR" instructions will access 
this register. The default at reset = OOH. 


(MSB) (LSB) 


7 6 5 4 3 2 1 0 


Data Pointer High- -(DPH)- - Address: 83H 


DPH is a Read/Write register that contains the high byte of 
Data Pointer 0. It may be accessed at any time with an 
instruction that specifies a direct byte as a source or destina- 
tion. However, SELO in the DPS register must be set to 0 
before any of the six explicit '"DPTR" instructions will access 
this register. The default at reset = OOH. 


(MSB) (LSB) 





Data Pointer Low 1- -(DPL1)- -Address: 84H 


DPL1 is a Read/Write register that contains the low byte of 
Data Pointer 1. It may be accessed at any time with an 
instruction that specifies a direct byte as a source or destina- 
tion. However, SELO in the DPS register must be set to 1 
before any of the six explicit ''DPTR" instructions will access 
this register. The default at reset = OOH. 


(MSB) (LSB) 


7 6 5 4 3 2 1 0 
Data Pointer High 1- -(DPH1)- -— Address: 85H 


DPH1 is a Read/Write register that contains the high byte of 
Data Pointer 1. It may be accessed at any time with an 
instruction that specifies a direct byte as a source or destina- 
tion. However, SELO in the DPS register must be set to 1 
before any of the six explicit "DPTR" instructions will access 
this register. The default at reset = OOH. 


(MSB) (LSB) 


a a Fem 


6 5 4 3 2 1 0 
Dual Data Pointer Example 
To load both data pointers after reset: 
Method-1: 
MOV DPL ,#data8 
MOV DPH ,#data8 


; load low byte of DPTRO 
; load high byte of DPTRO 
MOV DPL1,#data8 ;load low byte of DPTR1 
MOV DPH1, #data8 ;load high byte of DPTR1 
(Data Pointer 0 is still selected.) 
Method-2: 
MOV DPTR, #data16 ;load DPTRO with 16-bit const. 
INC DPS ; switch data pointers 
MOV DPTR, #data16 ; load DPTR1 with 16-bit const. 
(Data Pointer 1 is now selected.) 


Oscillator Characteristics 


XTAL, and XTAL2 are the input and output, respectively, of an 
inverting amplifier which is configured for use as an on-chip 
oscillator (see Figure 2). Either a quartz crystal or ceramic 
resonator may be used. 


To drive the device from an external clock source, XTAL4 
should be driven while XTAL2 is left unconnected (see Figure 
3). There are no requirements on the duty cycle of the 
external-clock signal since the input to the internal clocking 
circuitry is through a divide-by-two flip-flop, but minimum and 
maximum HIGH and LOW times specified on the data sheet 
must be observed. 


TC003411 
Figure 2. Crystal Oscillator 
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EXTERNAL 
OSCILLATOR 
SIGNAL 


TC003391 
Note: Different from NMOS 8051 
Figure 3. External Drive Configuration 


Idle and Power-Down Operation 


Figure 4 shows the internal operation of the Idle and Power- 
Down circuitry. Power-Down operation disconnects the clock 
source from all internal chip circuitry. Idle mode operation 
allows the interrupt, serial port, timers, and watchdog circuitry 
to continue to function, while the CPU is stopped. If the 
Watchdog Timer is enabled, Power-Down operation is not 
possible. 


These special modes are activated by software via the Special 
Function Register, PCON (Table 1). Its hardware address is 
87H; PCON is not bit-addressable. 


If ''1''s are written to PD and IDL at the same time, PD takes 
precedence. The reset value of PCON is "OXXX0000"'. 


O 


XTALg 0 XTALy 


INTERRUPT, 

Ld SERIAL PORT, 
TIMER BLOCKS, 
WATCHDOG TIMER 


a 
PD WDTEN 


TC003382 
Figure 4. Idle and Power-Down Hardware 
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TABLE 1. PCON (Power Control Register) 
(MSB) (LSB) 
swoon] - | - | - [ort {oro | po | oe 

Symbol | Position | Name and Description 
SMOD_ |} PCON.7 Double-baud-rate bit. When set to a 
1, the baud rate is doubled when 
the serial port is being used in 
either modes 1, 2, or 3. 
| -  |PCON6 | (Reserved) 
| -  |PCONS | (Reserved) 
| = | PCON.4 (Reserved) 
PCON.3 | General-purpose flag bit 
PCON.2 | General-purpose flag bit 
PCON.1 Power-Down bit. Setting this bit 
activates power-down operation. 
IDL PCON.O Idle-mode bit. Setting this bit 
activates idle-mode operation. 
Idle Mode 
The instruction that sets PCON.O is the last instruction 
executed in the normal operating mode before Idle mode is 
activated. Once in the Idle mode, the CPU status is preserved 
in its entirety: the Stack Pointer, Program Counter, Program 
Status Word, Accumulator, RAM, and all other registers in the 
800521 maintain their data during Idle. Table 2 describes the 
status of the external pins during Idle mode. 


There are three possible ways to terminate the Idle mode. 
Activation of any enabled interrupt will cause PCON.O to be 


cleared by hardware, terminating Idle mode. The interrupt is 
serviced, and following RETI, the next instruction to be 
executed will be the one following the instruction that wrote a 
1 to PCON.O. 


The flag bits GFO and GF1 may be used to determine whether 
the interrupt was received during normal execution or during 
the Idle mode. For example, the instruction that writes to 
PCON.0 can also set or clear one or both flag bits. When Idle 
mode is terminated by an enabled interrupt, the service routine 
can examine the status of the flag bits. 


The second way of terminating the Idle mode is with a 
Hardware Reset. 


The third way of terminating the Idle mode is with the 
Watchdog Timer. If the WDT is not enabled, then it has no 
effect on subsequent Idle mode operations. If the WDT is 
enabled before Idle mode is entered, it will continue to 
increment in the normal fashion. If the WDT overflows, the 
80C521 will experience a Watchdog Reset and Idle mode will 
be terminated. If Idle mode is terminated by any method other 
than a reset, the Watchdog Timer will continue to run. 


Power-Down Mode 


The instruction that sets PCON.1 is the last executed prior to 
going into Power-Down. Once in Power-Down, the oscillator is 
stopped. The contents of the on-chip RAM are preserved. The 
Special Function Registers are saved, until a Hardware Reset 
is generated. A hardware reset is the only way of exiting the 
Power-Down mode. 


Power-Down mode cannot be entered while the Watchdog 
Timer is enabled. If a write of the value 1 is attempted into the 
PD bit of the PCON register, its value will remain 0, and no 
Power-Down operation will take place. To enter Power-Down 
mode, the Watchdog Timer must first be disabled via a 
Hardware Reset, Software Reset, or Watchdog Reset. After 
reset, the Watchdog Timer is disabled, allowing Power-Down 
mode to be entered. 


In the Power-Down mode, Vcc may be lowered to minimize 
circuit power consumption. Care must be taken to ensure the 
voltage is not reduced until the Power-Down mode is entered, 
and that the voltage is restored before the Hardware Reset is 
applied, Hardware Reset frees the oscillator and should not be 
released until the oscillator has restarted and stabilized. 


Table 2 describes the status of the external pins while in the 
Power-Down mode. It should be noted that if the Power-Down 
mode is activated while in external program memory, the port 
data that is held in the Special Function Register Po is 
restored to Port 2. If the data is a 1, the port pin is held HIGH 
during the Power-Down mode by the strong pullup, Py, shown 
in Figure 5, 


80C521 1/0 Ports 


The I/O port drive of the 80C521 is similar to the 8051. The 
|/O buffers for Ports 1, 2, and 3 are implemented as shown in 
Figure 5. 


When the port latch contains a 0, all pFETS in Figure 4 are off 
while the nFET is turned on. When the port latch makes a 0-to- 
1 transition, the nFET turns off. The strong pullup pFET, P41, 
turns on for two oscillator periods, pulling the output HIGH 
very rapidly. As the output line is drawn HIGH, pFET Pg3 turns 
on through the inverter to supply the Igy source current. This 
inverter and Pg form a latch which holds the 1 and is 
supported by Po. 


When Port 2 is used as an address port, for access to external 
program or data memory, any address bit that contains a 1 will 
have its strong pullup turned on for the entire duration of the 
external memory access. 


When an I/O pin on Ports 1, 2, or 3 is used as an input, the 
user should be aware that the external circuit must sink 
current during the logical 1-to-0 transition. The maximum sink 
current is specified as IT_ under the D.C. Specifications. When 
the input goes below approximately 2 V, Pg turns off to save 
Icc current. Note, when returning to a logical 1, Po is the only 
internal pullup that is on. This will result in a slow rise time if 
the user's circuit does not force the input line HIGH. 


TABLE 2. STATUS OF THE EXTERNAL PINS DURING IDLE AND POWER-DOWN MODES 


| Mode —_| Program Memory| ALE | PSEN | PORTO PORT1 PORT2 PORT3 
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READ 
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TC003401 


Figure 5. I/O Buffers in the 80C521 (Ports 1, 2, 3) 


Voc * Watchdog Voc 


or Software 


Reset 
80C521 Output 80C521 
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Standard (80C51) Reset Circuit Watchdog Reset Circuit 
Neither a Watchdog nor a Software Reset will affect the The reset circuit shown above may be used to sense a 
"Standard" reset circuitry, nor can they be sensed by the Watchdog or Software Reset. For Vcc = 5 V, the driver 
"Standard'’ (80C51) reset circuitry. input must be able to source/sink 2.5 mA. 


Figure 6. RESET Configurations 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature -65°C to + 150°C Commercial (C) Devices 
Voltage on Any Temperature (Ta) 
Pin to Vss -0.5 V to Voc +0.5 V Supply Voltage (Vcc) 
Voltage on Vcc to Vss -0.5 V to 6.5 V Ground (Vgs) 

Power Dissipation 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


Operating ranges define those limits between which the 
functionality of the device is guaranteed. 


DC CHARACTERISTICS over operating ranges unless otherwise specified 


Parameter Parameter 


| Vi__|_ Input LOW Voltage (Except EA) Se 


< 


[i [ip vt est ran RE] erro 
ASE 
[Vou | Output LOW Votage (Pons 1,2.) Sid 


Output HIGH Voltage (Ports 1, 2, 3 2 “GE a 76 vec f tv 

Output HIGH Vattage: Wort ¢ 0 ine - eS act "75 Voc 
Pg Sot ka 

7 External Bus Mode, » ALE, PSEN) ao oe 

fal ee ee 
ae cs a 
[iy Trapt Leakage Curent (Pon 0, EA) 048 veep 
Test Froa.= 1 Miz Ta=250 [| 10 
| ipo | Power Down Current = Veo eto 6 V (Note 3) | TA 


< 


A 


<|< 


44 


MAXIMUM Icc (mA) 


ee Operating (Note 4) Idle (Note 5) 
[| Fea Veo | av Lew) 


. Capacitive loading on Ports 0 and 2 may cause spurious noise pulses to be superimposed on the Vos of ALE and Ports 
1 and 3. The noise is due to external bus capacitance discharging into the Port 0 and Port 2 pins when these pins make 
1-to-0 transitions during bus operations. !n the worst cases (capacitive loading > 100 pF), the noise pulse on the ALE 
line may exceed 0.8 V. In such cases it may be desirable to qualify ALE with a Schmitt Trigger, or use an address latch 
with a Schmitt-Trigger STROBE input. 

. Capacitive loading on Ports 0 and 2 may cause the Voy on ALE and PSEN to momentarily fall below the .9 Vcc 
specification when the address bits are stabilizing. 

. Power-Down Icc is measured with all outputs pins disconnected: EA = Port 0= Voc; XTAL2 N.C.; RST = Vgs. 

. loc is measured with all output pins disconnected; XTAL, driven with TCLCH, TCHCL=5 ns, Vi_=Vsg+.5 V, 
Vin = Vcoc--5 V; XTAL2 N.C.; EA = RST = Port 0 = Voc. 

Icc would be slightly higher if a crystal oscillator is used. 

. Idle Icc is measured with all output pins disconnected; XTAL, driven with TCLCH, TCHCL = 5 ns, Vi_ = Vsg + .5 V, 

Vin = Vcoc--5 V; XTAL2 N.C.; Port 0 = Vcc; EA= RST =Vsgg, and the Watchdog Timer disabled. 





See Section 6 for Thermal Characteristics Information. 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified (C_ for Port 0, ALE and 
PSEN Outputs = 100 pF; C, for All Other Outputs = 80 pF) 


[16 Miz Ose. | 12 MHz Osc. | Variable Oscillator _| 

Parameter Parameter 

symbol Description jin, | Max | min, | Max. | min. | Max._| 

External! peean and Data Memory Characteristics 
[arco | Osettar Frequency ————SSd id Odd 
P TUHUL [ALE Pulse Wath SSSCS~*~‘dCSiCSSCS*C*‘R*C@?«|SSsédercuc-ao |i; 
PTAVLL | Address Valid to ALELOW—-~—SsdT 7] | SCT 8 | SC Tuc | ors 
[TAX | Address Hold After ALELOW  ———=Sséd|=se?_—| ~—Sid|«s#e | SC; L-os | ns 
P Tu ALE LOW to Validinst. in ——SSSC~dYC*‘“‘*‘d;C«COSOCSSSC*~*dSC@S’=S|SCSSSSS=*d TOLL - 100 rs 
P TuPL | ALELOW tO PSENLOW —Ss=“‘“‘;C‘Y #2 ~<|~CC] Ss [CC rao] Cdn 
PTPLPH | PSEN Pulse with —SSSSCSC*«iS=C‘i CY SSC*d;«tss«YCSSCf TLL aS] 
Sn A A TS 
A A 


© 
° 
Oo 
a 
nN 
oh 
~ 
© 
° 
‘?) 
Ay 
nD 
—_ 


aA YON Pon, p> free] 
[Address Valid to Read or Write cow 120 | 203 | areuciszo | | 


[Tavwit | Vaid Data to Wite HIGH _——S~siae | «de | Cid; rcs | iC 
PTWHaX | Data Hod Atter WR SSCS] Ci (| Cire] C«dCs 
[TRLAZ | FD Low to Addss Fon SCS SST TT Cd dC 
PTWHth [RO or WHHIGH to ALE HIGH | | 108 | @ | 100 | Tom-« [rac+ | ne 
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SWITCHING WAVEFORMS 


ate TULPL 


TLLiv 


TRLUV 


TRPXIZ)<—— 
TPXIX—e} |= 


HE 


—_——— TAVIV 
(te) 


External Program Memory Read Cycle 


WF021961 


-_——— TRLOV ————- 
= TRLAZ. TRHOX | |= 
{ A09- rnow on one) "AD g-ADy 
FROM Ri OR OFL [enom arovon. KX Foam SY FROM PCL 


ADy-ADy 
TAVOV 


( 2.0-P2.7 OR Ag-Aqs FROM OPH Ag-Aqs FROM PCH 


WF020961 


External Data Memory Read Cycle 
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SWITCHING WAVEFORMS (Cont'd.) 


© 
o 
2) 
a 
ND 
oh 
~ 
© 
o 
2) 
xy 
ND 
mi, 


“ | 


[new —-|/-——— rw wet 
| 


Tavwx ' 
Aw TwHOXx 
—TLLAX = TavwH———_—_—__———- aL 
AD9-AD, \/ AD9-AD,7 
\ Faommoroer A A FROM PCL 


TAVWL ————- 


( P2.0 - P2.7 OR Ag- Ay, FROM OPH Ag- Ais FROM PCH 


WF020931 


External Data Memory Write Cycle 





eee} emer | 
Ls A Xt Xt Kt Kt OK OX OS 


tb —1-h— . 


cme KmoK  KmoK  KmoX  KwoX  KwoX  KeoX Km) 
| i 


WF020950 


Shift Register Timing Waveforms 
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80C521/80C321 


EXTERNAL CLOCK DRIVE 


Symbol Description 


WF020910 
External Clock Drive Waveform 


SERIAL PORT TIMING — SHIFT REGISTER MODE 
Test Conditions: Ta = 0°C to 70°C; Vcc =5 V +20%; Vsg =0 V; Load Capacitance = 80 pF 


P t Pp t | 46 MHz Osc. | Variable Oscillator 
arameter sranieter 
ot Description | min. | Max. | Min. | Max. _—| 


TXLXL Serial Port Clock Cycle Time Eo ee Eee eee oe 


[TavxH | Output Data Setup to Clock Rising Edge | 492 | _[voroucL-193)——~—S~w~Cie 
[TXHOX | Output Data Hold Aer Clock Rising Edge | 8 | | arcia-a7| sido _| 
[TXHDX | Input Data Hold After Glock Fising Edge [0 | | 0 | _—+'|_ms_| 
[TxHOV [Clock Fising Edge to input Data vaid |_| #2 |__| worouct 1a] ns | 


AC Testing 


0.2 Voco+0.9 VLOAD+0.1 V VoH-0.1V 
Vaan 7S. Mana REFERENCE 
0.2 Vec-0.1 Vioap-0.1V Vo. +0.1 V 


WF020900 WF020940 





FOR TIMING PURPOSES A PORT PIN IS NO LONGER FLOATING WHEN A| 
100mV CHANGE FROM LOAD VOLTAGE OCCURS, AND BEGINS TO 

FLOAT WHEN A 100 mV CHANGE FROM THE LOADED VoH/VoLLEVEL 
OCCURS. IoL/lon = +20 mA. 


AG INPUTS DURING TESTING ARE DRIVEN AT Vcoc-0.5 FOR A LOGIC 
"4" AND 0.45 V FOR A LOGIC "0." TIMING MEASUREMENTS ARE MADE 
AT Vin MIN. FOR A LOGIC "1" AND Vi_ MAX. FOR A LOGIC "0." 


Input/Output Waveform Float Waveform 
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CLOCK WAVEFORMS 


stave 4 | staves | stavee | staves | staTe2 og lel ecu cialhag 
pt | p2 | er | eo! er | pet et | po} er | 2 tert ee | er | ee pr | 


AD5- AD, 7 PCL OUT T PCL OUT DATA 


FLoat > soar }+——FLoat——>| 


Ag-A15 INDICATES ADORESS TRANSIONS 


RD 
PCL OUT (WF PROGRAM 
MEMORY [8 EXTERNAL) 


ADy-AD, PL OR TA 


Ri OUT SAMPLED 
fe $5, Sar ——__—_—>| 


Ag-A15 
WRITE CYCLE 


WROTE OUT (EVEN IF PROGRAM 


MEMORY IS INTERNAL) 


ADp-AD, si Ri 
ke--—_—__—__— OATA OUT 
PCL OUT (fF PROGRAM 
MEMORY IS EXTERNAL) 


PORT OPERATION 


MOV PORT, SRC OLD DATA | NEW DATA 


MOV DEST, P1 


(CLUDES INTO, INT1, TO, T1) mat a 
PI 


SERIAL PORT SHIFT CLOCK : P1 PIN SAMPLED PIN SAMPLED | 


TxD a a ne 
(MODE 0) SAMPLED AXD SAMPLED 


WF020922 


This diagram indicates when signals are clocked internally. The time it takes the signals to propagate to the pins, however, ranges 
from 25 to 125 ns. This propagation delay is dependent on variables such as temperature and pin loading. Propagation also varies 
from output to output and component to component. Typically though, (Ta = 25°C, fully loaded) RD and WR propagation delays are 
approximately 50 ns. The other signals are typically 85 ns. Propagation delays are incorporated in the AC specifications. 
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L2€908/1-2S908 


800521/80C321 


Instruction 


ADD 
ADDC 
SUBB 
MUL 
DIV 

DA 

RRC 
RLC 
SETB C 


+xxxOOxXx xO 


TABLE 2. 80C521/80C321 INSTRUCTION SET 
Instructions That Affect Flag Setting* 


Flag Instruction Flag 


OV AC 

X CLRC 

X CPL C 

X ANL C, bit 
ANL C,/bit 
ORL C, bit 
ORL C,/bit 
MOV C, bit 
CJNE 


xxx xxx x«K OO 


DATA TRANSFER , 


A,Rn 
A,direct 
A,@Ri 

A,# data 
RnA 
Ro,direct 
Rn, # data 
direct,A 
direct,Rn 
direct,direct 
direct,@Ri 
direct, # data 
@Ri,A 
@Ri,direct 
@Ri, # data 
DPTR, #data16 
A,@A + DPTR 


A,@A + PC 
A,@Ri 
A,@DPTR 
@Ri,A 
@DPTR,A 
direct 
direct 

ARn 
A,direct 
A.@Ri 


A,@Ri 


Move register to Accumulator 

Move direct byte to Accumulator 
Move indirect RAM to Accumulator 
Move immediate data to Accumulator 
Move Accumulator to register 

Move direct byte to register 

Move immediate data to register 
Move Accumulator to direct byte 
Move register to direct byte 

Move direct byte to direct byte 

Move indirect RAM to direct byte 
Move immediate data to direct byte 
Move Accumulator to indirect RAM 
Mode direct byte to indirect RAM 
Move immediate data to indirect RAM 
Move 16-bit constant to Data Pointer 
Move Code byte relative to DPTR to 
Accumulator 

Move Code byte relative to PC to 
Accumulator 

Move External RAM (8-bit address) to 
Accumulator 

Move External RAM (16-bit address) to 
Accumulator 

Move Accumulator to External RAM (8- 
bit address) 

Move Accumulator to External RAM (16- 
bit address) 

Push direct byte onto stack 

Pop direct byte off of stack 

Exchange register with Accumulator 
Exchange direct byte with Accumulator 
Exchange indirect RAM with 
Accumulator 

Exchange indirect RAM's least sig 
nibble with A's LSN 


BOOLEAN VARIABLE MANIPULATION 


1 1 


“~WDNNHWNWNNNN-N=-ND 


OV AC 


VNMANDANNNNAANhYaaa 


Interrupt Response Time: To finish execution of current 
instruction, respond to the interrupt request and push the PC; 
to vector to the first instruction of the interrupt service program 
requires 38 to 81 oscillator periods (2.25 to 5.25 us at 16 
MHz). 


*Note that operations on SFR byte address DOH or bit 
addresses DO — D7H (i.e., the PSW or bits in the PSW) will also 
affect flag settings. 


LOGIC (Cont'd.) 


Description 
3 


direct, #data | AND immediate data to direct byte 

A,Rn OR register to Accumulator 

A,direct OR direct byte to Accumulator 

A,@Ri OR indirect RAM to Accumulator 

A, # data OR immediate data to Accumulator 

direct,A OR Accumulator to direct byte 

direct,#data | OR immediate data to direct byte 

A,Rn Exclusive-OR register to Accumulator 

A,direct Exclusive-OR direct byte to Accumulator 

A,@Ri Exclusive-OR indirect RAM to 
Accumulator 

A, # data Exclusive-OR immediate data to 
Accumulator 

direct,A Exclusive-OR Accumulator to direct byte 

direct, # data Exclusive-OR immediate data to direct 
Clear Accumulator 

A Complement Accumulator 

A Rotate Accumulator Left 

A Rotate Accumulator Left through Carry 

A 

A 

A 


-=@9N-"ONNHAN= 
ran 0 ee ae ee eC 


Ls) 
= 


Flag 

Rotate Accumulator Right 

Rotate Accumulator Right through Carry 
Flag 

Exchange nibbles within the 
Accumulator 


ARITHMETIC 
Mnemonic Description Cyc 


NNNNNNN]$N=]N = A 


Description 


Clear Carry Flag 

Clear direct bit 

Set Carry Flag 

Set direct bit 

Complement Carry Flag 
Complement direct bit 

AND direct bit to Carry Flag 


AND complement of direct bit to Carry 
OR direct bit to Carry Flag 

OR complement of direct bit to Carry 
Move direct bit to Carry Flag 

Move Carry flag to direct bit 





N= NYMNNN| ewan | 


LOGIC 
_|Wnemonic | Description 


A,Rn 
A,direct 
A.@Ri 
A,# data 
direct,A 


AND register to Accumulator 

AND direct byte to Accumulator 
AND indirect RAM to Accumulator 
AND immediate data to Accumulator 
AND Accumulator to direct byte 


Byte 


powan= |e | 


Cyc 


bee lel 
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A,Rn Add register to Accumulator 

A,direct Add direct byte to Accumulator 

A,@Ri Add indirect RAM to Accumulator 

A, # data Add immediate data to Accumulator 

A,Rn Add register to Accumulator with carry 

A,direct Add direct byte to Accumulator with 
Carry Flag 

A,@Ri Add indirect RAM and Carry Flag to 
Accumulator 

A, # data Add immediate data and Carry Flag to 
Accumulator 

A,Rn Subtract register from Accumulator with 
Borrow 

A,direct Subtract direct byte from Accumulator 
with Borrow 

A,@Ri Subtract indirect RAM from Accumulator 
with Borrow 

A, # data Subtract immediate data from 
Accumulator with Borrow 

A Increment Accumulator 

Rn Increment register 

direct Increment direct byte 

@Ri Increment indirect RAM 

A Decrement Accumulator 

Rn Decrement register 
Decrement direct byte 
Decrement indirect RAM 
Increment Data Pointer 
Multiply Accumulator times B 
Divide Accumulator by B 
Decimal Adjust Accumulator 


a re rs er 


—~RANOoeAoan noua 





OTHER CONTROL TRANSFER (SUBROUTINE) 


Description [Byte] Mnemonic Description lByte| cyc | 
fio Operaion. = ft [| ACALL addr11 Absolute Subroutine Call 

LCALL addr16 Long Subroutine Call 

CONTOL TRANSFER (BRANCH) RET Return from Subroutine Call 

RETI Return from Interrupt Call 

[Mnemonic [ Description Byte] oe | 


Notes on Data Addressing Modes: 


© 
° 
Oo 
ol 
N 
and, 
~ 
© 
o 
.? 
xy 
nN 
anh, 


addr11 Absolute Jump 
addr16 Long Jump 
rel Short Jump (relative addr) 
@A+DPTR Jump indirect relative to the DPTR 
rel Jump if Accumulator is zero 
rel Jump if Accumulator is not zero 
rel Jump if Carry Flag is set 
rel Jump if carry is not set 
Sie | et a ater RO or Rt 
bitral Jump relative if direct bit is set, then # data -8-bit constant included in instruction. 

clear bit #data16 -16-bit constant included as bytes 2 and 3 of 
A,direct,rel anes es to Accumulator and instruction. 

ump i ual A , 
A, # data,rel Compare Ganiedate to Accumulator and bit ~128 software flags, any I/O pin, control, or status 

Jump if not Equal bit. 
Rn, #data,rel Compare immediate to reg and Jump if 

not Equal Notes on Program Addressing Modes: 
@Ri, # data,rel Compare immediate to indirect RAM 


and ume Ht-nOL Baus addri6 = —Destination address for LCALL and LUMP may be 
Rn,ret Decrement register and Jump if not 


zero anywhere within the 64-Kilobyte program memory 
direct,rel Decrement direct byte and Jump if not address space. 
zele, addr11 —Destination address for ACALL and AJMP will be 
within the same 2-Kilobyte page of program 
memory as the first byte of the following 
instruction. 
-SJMP and all conditional jumps include as 8-bit 
offset by Range is +127, —-128 bytes relative to 
first byte of the following instruction. 


Rn -Working register RO -R7 of the currently selected 
Register bank. 

direct ~-128 internal RAM locations, any I/O port, control, 
or Special Function Registers. 

@Ri -Indirect internal RAM location addressed by 


OWOWNNN Nh ~NhM OPP 
NNNNNNNHNHNNND 


TABLE 3. INSTRUCTION OPCODES IN HEXADECIMAL ORDER (Cont'd.) 


Hex Code Bytes Mnemonic Operands Hex Code Bytes Mnemonic Operands 


A,R1 

A,R2 

A,R3 

A,R4 

A,R5 

A,R6 

A,R7 

Bit addr,code addr 
Code addr 


Code addr 
Code addr 
A 

A 

Data addr 
@RO 

@R1 

RO 

Ri 

R2 

R3 

R4 

R5 

R6 

R7 

Bit addr,code addr 
Code addr 
Code addr 
A 





A 

A, #data 
A,data addr 
A,@RO 
A,@R1 
A,RO 

A,R1 

A,R2 

A,R3 

A,R4 

A,R5 

A,R6 

A,R7 

Code addr 
Code addr 
Data addr,A 
Data addr, #data 
A, #data 
A,data addr 
A,@RO 
A,@R1 
A,RO 

A,R1 

A,R2 

A,R3 

A,R4 

A,R5 

A,R6 

A,R7 

Code addr 
Code addr 


A 

Data addr 
@RO 

@R1 

RO 

R1 

R2 

R3 

R4 

R5 

R6 

R7 

Bit addr,code addr 
Code addr 


A 

A, #data 
A,data addr 
A,@RO 
A,@R1 
A,RO 


—~@o WMA MWOoesneeoa wan en nape Ks ONWOBeB Benen oppeswONnea 
PNNAAB Boom nO NNHNONNDNHH BABB s ees NHB ANWOABsBa saa 
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80C0521/80C321 


Hex Code 


Bytes 


2 
3 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
3 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
1 
2 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1 
1 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
2 
2 
1 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
1 
1 


NNN 


Mnemonic 


MOV 


MOV 
MOV 
MOV 
MOV 
ACALL 
MOV 
MOVC 
SUBB 
SUBB 
SU8B 
SUBB 
SUBB 
SUBB 
SUBB 
SUBB 
SUBB 
SUBB 
SUBB 
SUBB 
ORL 
AJMP 
MOV 
INC 
MUL 
Reserved 
MOV 
MOV 
MOV 
MOV 


Operands Hex Code 


Data addr,A 
Data addr, #data 
A, #data 
A,data addr 
A,@RO 
A,@R1 

A,RO 

A,R1 

A,R2 

A,R3 

A,R4 

A,R5 

A,R6 

A,R7 

Code addr 
Code addr 
Data addr,A 
Data addr, #data 
A, #data 
A,data addr 
A,@RO 
A,@R1 

A,RO 

A,R1 

A,R2 

A,R3 

A,R4 

A,R5 

A,R6 

A,R7 

Code addr 
Code addr 
C,bit addr 
@A +DPTR 
A, # data 
Data addr, #data 
@RO, # data 
@RAt,#data 
RO, # data 
R1,#data 
R2,#data 
R3,#data 
R4, #data 
R5, # data 
R6, #data 
R7, #data 
Code addr 
Code addr 
C,bit addr 
A,@A +PC 
AB 

Data addr,data addr 
Data addr,@RO 
Data addr,@R1 
Data addr,RO 
Data addr,R1 
Data addr,R2 
Data addr,R3 
Data addr,R4 
Data addr,R5 
Data addr,R6 
Data addr,R7 
DPTR, #data 
Code addr 
Bit addr,C 
A,@A +DPTR 
A,#data 
A,data addr 
A,@RO 
A,@Ri1 

A,RO 

A,R1 

A,R2 

A,R3 

A,R4 

A,R5 

A,R6 

A,R7 

C,/bit addr 
Code addr 
C,bit addr 
DPTR 

AB 


@RO,data addr 
@Ri1,data addr 
RO,data addr 
Rt,data addr 


} 


id 
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Bytes 
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Mnemonic 


Operands 


R2,data addr 
R3,data addr 
R4,data addr 
R5,data addr 
R6,data addr 
R7,data addr 

C,/bit addr 

Code addr 

Bit addr 

Cc 

A,#data,code addr 
A,data addr,code addr 
@RO, #data,code 
addr 
@R1,#data,code 
addr 

RO, #data,code addr 
R1,#data,code addr 
R2,#data,code addr 
R3,#data,code addr 
R4,#data,code addr 
R5,#data,code addr 
R6, #data,code addr 
R7,#data,code addr 
Data addr 

Code addr 

Bit addr 

Cc 


A 

A,data addr 
A,@RO 
A,@R1 
A,RO 

A,R1 

A,R2 

A,R3 

A,R4 

A,R5 

A,R6 

A,R7 

Data addr 
Code addr 
Bit addr 
Cc 


A 

Data addr,code addr 
A,@RO 
A,@R1 
RO,code addr 
Ri,code addr 
R2,code addr 
R3,code addr 
R4,code addr 
R5,code addr 
R6,code addr 
R7,code addr 
A,@DPTR 
Code addr 
A,@RO 
A,@RI1 

A 

A,data addr 
A,@RO 
A,@R1 

A,RO 

ARi1 

A,R2 

A,R3 

A,R4 

A,R5 

A,R6 

A,R7 
@DPTR,A 
Code addr 
@RO,A 
@RI1,A 

A 

Data addr,A 
@RO,A 
@R1,A 

RO,A 

Ri,A 

R2,A 

R3,A 

R4,A 

R5,A 

R6,A 

R7,A 





8751H/8753H 


Single-Chip 8-Bit Microcontroller with 
4K/8K Bytes of EPROM 


DISTINCTIVE CHARACTERISTICS 


4K x8 EPROM (8751H); 8K x8 EPROM (8753H) 
128x8 RAM 

Four 8-bit ports, 32 I/O lines; programmable serial port 
Two 16-bit Timer/Event counters 

64K addressable Program and Data Memory 
Boolean processor 


@ Five interrupt sources/two priority levels 
4-cycle multiply and divide 
Program memory security feature 
Fast EPROM programming: 12 sec for 4K bytes 
Supports silicon signature verification 
Pin compatible with 8051 


GENERAL DESCRIPTION 


The 8751H and 8753H are members of a family of 
advanced single-chip microcontrollers. Both the 8751H, 
which has 4K bytes of EPROM, and the 8753H, which has 
8K bytes of EPROM, are pin-compatible EPROM versions 
of the 8051AH and 8053AH, respectively. Thus, the 
8751H/8753H are full-speed prototyping tools which pro- 
vide effective single-chip solutions for controller applica- 
tions that require code modification flexibility. Refer to the 
block diagram of the 8051 family. 


The 8751H/8753H devices feature: thirty-two I/O lines; two 
16-bit timer/event counters; a Boolean processor; a 5- 
source, bi-level interrupt structure; a full-duplex serial chan- 
nel; and on-chip oscillator and clock circuitry. 


Program and Data Memory are located in independent 
addresses. The AMD family of microcontrollers can access 
up to 64K bytes of external Program Memory and up to 64K 


bytes of external Data Memory. The 8751H and the 8753H 
contain the lower 4K and 8K bytes of Program Memory, 
respectively, on-chip. Both parts have 128 bytes of on-chip 
read/write data memory. 


The AMD 8051 Microcontroller Family is specifically suited 
for control applications. A variety of fast addressing modes, 
which access the internal RAM, facilitates byte processing 
and numerical operations on small data structures. Includ- 
ed in the instruction set is a menu of 8-bit arithmetic 
instructions, including 4-cycle multiply and divide instruc- 
tions. 


Extensive on-chip support enables direct bit manipulation 
and testing of 1-bit variables as separate data types. Thus, 
the device is also suited for contro! and logic systems that 
require Boolean processing. 


BLOCK DIAGRAM 


FREQUENCY 
REFERENCE 


OSCILLATOR EPROM 
& 4K BYTES - 8751 
TIMING 8K BYTES - 8753 


64K BYTE BUS 
EXPANSION 
CONTROL 


INTERRUPTS 


INTERRUPTS CONTROL 


COUNTERS 


TWO 16-BIT 
TIMERVEVENT 


RAM 
126 BYTES COUNTERS 


PROGRAMMABLE 

SERIAL PORT 

* FULL DUPLEX 
UART 

* SYNCHRONOUS 
SHIFTER 


PROGRAMMABLE 1/0 


PARALLEL PORTS SERIAL SERIAL 
ADDRESS DATA BUS IN OuT 
AND I/O PINS 


BD007250 


Publication # Rev. Amendment 
D 


03896 
Issue Date: July 1987 


/0 
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8751H/8753H 


CONNECTION DIAGRAMS 
Top View 
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CD005551 CD010870 


Note: Pin 1 is marked for orientation. 


2 
£ 
< 
FI 
d 
3 


Cee ad 
—!_ 
— 
_—_——~— 
— 
EE 
— 
Saeed 


RaaREE 


LS001325 





4-70 


ORDERING INFORMATION 


Commodity Products 


AMD commodity products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: a. Temperature Range 


8 


b. Package Type 

c. Device Number 

d. Speed Option 

e. Optional Processing 


751H 


Valid Combinations 


8751H 





. OPTIONAL PROCESSING 


Blank = Standard Processing 
B = Burn-in 


. SPEED OPTION 


Blank = 12 MHz 


t 


. DEVICE NUMBER/DESCRIPTION 


8751H = Single-Chip 8-Bit Microcontroller with 
4K Bytes of EPROM Program Memory 

8753H = Single-Chip 8-Bit Microcontroller with 
8K Bytes of EPROM Program Memory 


. PACKAGE TYPE 


D = 40-Pin Ceramic DIP (CDV040) 
R = 44-Pin Ceramic Leadless Chip Carrier (CLV044) (Preliminary) 


. TEMPERATURE RANGE* 


Blank = Commercial (0 to + 70°C) 
| = Industrial (-40 to +85°C) (Preliminary) 


Valid Combinations 


Valid Combinations list configurations planned to be 
supported in volume for this device. Consult the local AMD 
sales office to confirm availability of specific valid 
combinations, to check on newly released valid combinations, 
and to obtain additional data on AMD's standard military 
grade products. 


*This device is also available in Military temperature range. 
See MOS Microprocessors and Peripherals Military Handbook 
(Order #09275A/0) for electrical performance char- 
acteristics. 
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8751H/8753H 


PIN DESCRIPTION 


Port 0 (Bidirectional; Open Drain) 
Port 0 is an open-drain I/O port. Port 0 pins that have ''1"'s 
written to them float, and in that state can be used as high- 
impedance inputs. 


Port 0 is also the multiplexed LOW-order address and data 
bus during accesses to external Program and Data Memory. 
In this application it uses strong internal pullups when 
emitting ''1"'s. Port 0 also outputs the code bytes during 
program verification in the 8751H and 8753H. External 
pullups are required during program verification. 


Port 1 (Bidirectional) 


Port 1 is an 8-bit bidirectional I/O port with internal pullups. 
The Port 1 output buffers can sink/source four LS TTL 
inputs. Port 1 pins that have ''1''s written to them are pulled 
HIGH by the internal pullups and — while in this state — 
can be used as inputs. As inputs, Port 1 pins that are 
externally being pulled LOW will source current (Ij_ on the 
data sheet) because of the internal pullups. 


Port 1 also recieves the LOW-order address bytes during 
program verification. 


Port 2. (Bidirectional) 

Port 2 is an 8-bit bidirectional I/O port with internal pullups. 
The Port 2 output buffers can sink/source four LS TTL 
inputs. Port 2 pins having ''1"'s written to them are pulled 
HIGH by the internal pullups and — while in this state — 
can be used as inputs. As inputs, Port 2 pins externally 
being pulled LOW will source current (I,) because of 
internal pullups. 


Port 2 emits the HIGH-order address byte during fetches 
from external Program Memory and during accesses to 
external Data Memory that use 16-bit addresses (MOVX 
@DPTR). In this application it uses strong internal pullups 
when emitting ''1''s. During accesses to external Data 
Memory that use 8-bit addresses (MOVX @Ri), Port 2 emits 
the contents of the P2 Special Function register. 
Port 2 also recieves the HIGH-order address bits during the 
programming of the EPROM and during program verification 
of the EPROM. 

Port 3 (Bidirectional) 
Port 3 is an 8-bit bidirectional I/O port with internal pullups. 
The Port 3 output buffers can sink/source four LS TTL 
inputs. Port 3 pins having ''1''s written to them are pulled 
HIGH by the internal pullups and — while in this state — 
can be used as inputs. As inputs, Port 3 pins externally 
being pulled LOW will source current (lj_) because of the 
pullups. 
Port 3 also serves the functions of various special features 
as listed below: 


[Port Pin_| Alternate Function 
Pao | RXD Geral input Pom 
[Pat [1H (Serial Output Por) 
[Paz [INT Etomaliterupt ) 


WR (External Data Memory Write Strobe) 
RD (External Data Memory Read Strobe) 





} P35 | Ti (Timer 1 External Input) 
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RST/Vpp ‘Reset (input; Active HIGH) 

This pin is used to reset the device when held HIGH for two 
machine cycles while the oscillator is running. If RST/Vpp is 
held within the Vpp spec, it will supply standby power to the 
RAM in the event that Vcc drops below its spec. When 
RST/Vpp is LOW, the RAM's bias is drawn from Voc. A 
small internal resistor permits power-on reset using a 
capacitor connected to Vcc. 


ALE/PROG Address Latch Enable/Program Pulse 
(Input/Output) 
Address Latch Enable output pulse for latching the LOW 
byte of the address during accesses to external memory. 
ALE can drive eight LS TTL inputs. 


In normal operation ALE is emitted at a constant rate of 1/6 
the oscillator frequency, allowing use for external-timing or 
clocking purposes. Note, however, that one ALE pulse is 
skipped during each access to external Data Memory. This 
pin also accepts the program pulse input (PROG) when 
programming the EPROM. 


PSEN Program Store Enable (Output; Active LOW) 
PSEN is the read strobe to external Program Memory. PSEN 
can drive eight LS TTL inputs. When the device is executing 
code from an external program memory, PSEN is activated 
twice each machine cycle — except that two PSEN 
activations are skipped during each access to external Data 
Memory. PSEN is not activated during fetches from internal . 
Program Memory. 


EA/Vpp External Access Enable (Input; Active LOW) 
EA must be externally held LOW to enable the device to 
fetch code from external Program Memory locations 0000H 
to OFFFH (0000H to 1FFFH in the 8753H). If EA is held 
HIGH, the 8751H executes from internal Program Memory 
unless the program counter contains an address greater 
than OFFFH (1FFFH in the 87534). 

XTAL; Crystal (Input) 

Input to the inverting oscillator amplifier. When an external 
oscillator is used, XTAL; should be grounded. 


XTAL2 Crystal (Output) 
Output of the inverting oscillator amplifier. XTALo is also the 


- “input for the oscillator signal when using an external 


oscillator. 
Vcc Power Supply 
Vss __ Circuit Ground 





PROGRAMMING 
Programming the EPROM 


To program the EPROM, either the internal or external 
oscillator must be running at 4 to 6 MHz because the internal 
bus is used to transfer address and program data to the 
appropriate internal registers. 


The 8751H and 8753H devices support an adaptive EPROM 
programming algorithm in addition to the conventional 
EPROM programming algorithm. Adaptive device program- 
ming (sometimes called interactive or intelligent program- 
ming) adapts to the actual charge storage efficiency of each 
byte, so that no wasted programming time occurs and 
minimum device programming time is realized. 


The typical resulting device programming time is a mere 7% of 
what is required for a conventional programming algorithm. 
For example, to program a 4K byte EPROM using the 
conventional programming algorithm will require 4K x 50 ms 
= 200 sec. If adaptive programming is used, the theoretical 
programming time required will be 4Kx3 ms = 12 sec. The 
actual speed advantage of the adaptive programming is still 
very significant even allowing for the additional software 
overhead to implement the adaptive algorithm (2 to 8 sec 
depending on the brand of EPROM programmer). 


To program the 8751H, pins Po.4- P26 and PSEN should be 
held LOW, and P2,7 and RST held HIGH as shown in Table 2. 
The address of the location to be programmed is applied to 
Port 1 and Po.o — P2.3 while the code byte to be programmed 
is applied to Port 0 (see Figure 1). 


ADDR 
0000H - OFFFH 


Ag-A7 


Vpp should be at 21 V during device programming and the 
ALE/PROG pin should be pulsed LOW for 1 ms to program 
the code byte into the addressed EPROM location. The 
programmed byte is verified immediately after programming. 


Figure 3 illustrates the flow of the adaptive programming 
algorithm. At each address, up to 15 program/verify loops are 
attempted to verify the programmability of the byte using 1 ms 
PROG pulses. After the programmability of a byte is deter- 
mined, an overprogramming pulse of 2 ms is applied to PROG 
to guarantee data retention. (This conforms with the AMD 
standard of 2 ms/byte overprogramming for all N-channel 
EPROMs.) 


The programming of 8753H is similar to the above procedures 
except that pin Pog is the additional address pin 
(Ai2) for accessing the upper 4K bytes of the EPROM (see 
Figure 2). 


The 8751H and 8753H can also be programmed using the 
less efficient conventional EPROM programming algorithm. In 
this method, Vpp is held at 21 V and PROG is pulsed low for 
50 ms to program each code byte into the addressed EPROM 
location. After the memory is programmed, all addresses 
would be sequenced and verified. 


A Note of Caution When Programming 


The maximum voltage applied to the EA/Vpp pin must not 
exceed 21.5 V at any time as specified for Vpp. Even a slight 
spike can cause permanent damage to the device. The Vpp 
source should thus be well-regulated and glitch-free. 


When programming, a 0.1x 107 §F capacitor is required 
across Vpp and ground to suppress spurious transients which 
may damage the device. 


PGM DATA 


LS001453 


Figure 1. 8751H Programming Configuration 
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8751H/8753H 


PGM DATA 


EA |>— Vpp = 21V 


LS001444 
Figure 2. 8753H Programming Configuration 


TABLE 1. EPROM PROGRAMMING MODES FOR THE 8751H 


| Mode | st | PoEN | ate | EA | Par re ee 
Sa ae u 

A ES : 
ety Ma ve 
Security Sot Wis tee 


Note: See notes below Table 2. 


TABLE 2. EPROM PROGRAMMING MODES FOR THE 8753H 


Note: H = Logic HIGH for that pin 
L = Logic LOW for that pin 
X = Don't Care 
Vpp = +21 V +0.5 V 
2.0 V < Vppx < 21.5 V 


*ALE is pulsed LOW for 1 msec in the programming loop of the adaptive programming algorithm and is pulsed LOW for 50 msec if conventional 


EPROM programming algorithm is used. 
tALE is pulsed LOW for 50 msec. 
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START 
ADOR = FIRST LOCATION 


Voc #5V+10% 
Vpp =21V 


PROGRAM ONE 1 msec PULSE 


INCREMENT X 


PROGRAM ONE 2 msec PULSE 


INCREMENT NO LAST 
ADORESS AODRESS? 


Voc = Vpp =5Vz10% 


VERIFY 
ALL BYTES 


PASS 


DEVICE FAILED 
DEVICE PASSED 


PF002510 


Figure 3. Adaptive Programming Algorithm for 8751H and 8753H 
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8751H/8753H 


Program Verification 


The Program Memory may be read out for verification pur- 
poses when the security bit has not been programmed. 
Reading the Program Memory may occur during or after 
programming of the EPROM. When the oscillator is running at 
4~6 MHz, the 8751H Program Memory address location to be 
read is applied to Port 1 and pins Po.9—P2.3 of Port 2. Pins 
Po.4-P2.6 and PSEN are held at TTL LOW (see Figure 4). 
The 8753H utilizes Port 1 and pins Po. 9-P2.4 to address the 
EPROM, while Pos5-—Pa2¢6 and PSEN are held LOW (see 
Figure 5). 


0000H - OF FFH 


ENABLE = Vy) ——— 


4-6 MHz [_] 


ENABLE = V,, ——> 


The ALE/PROG and RST pins of both devices are held HIGH 
(RST requires only 2.5 V for HIGH) and the EA/Vpp pin 
voltage can have any value from 2.0 V to 21.5 V as shown in 
Tables 1 and 2. 


Port 0 will then output the contents of the address location. 
External pull-ups are needed on Port 0 when verifying the 
8751H and 8753H EPROM. 


Note: Since Vpp can be held at 21 V during program 
verification, the Vpp pin can be connected to a static 21 V 
power supply for device programming and verification in the 
adaptive device programming technique (see Figures 4 and 5). 


READ 
DATA 
(USE 10K 
PULL-UPS) 


Vepx 
2.0 V< Vppy< 21.5 V 


L$001382 


READ 
DATA 

(USE 10K 
PULL-UPS) 


Vppx 
2.0 V < Vppy < 21.5 V 


Vint 


LS001394 


Figure 5. 8753H Program Verification 




















Security of the EPROM 


The 8751H and 8753H incorporates a security bit, which when 
activated, prohibits all external readout of the on-chip EPROM 
contents. Figure 6 illustrates the security bit programming 
configuration for both the 8751H and 8753H. To activate the 
security bit, the same setup is used as when programming the 
EPROM except that Pa. is held HIGH. Port 0, Port 1 and pins 
P290- P23 may assume any state. Vpp should be at 21 V and 
the ALE/PROG pin should be pulsed LOW for 50 msec. The 
logic states of the other pins are detailed in Tables 1 and 2. 


X= 





OON'T CARE 


P20-P23 





With the EPROM security bit programmed, retrieval of internal 
Program Memory cannot be achieved. 


A secured Program Memory looks like a blank array of all 
ones, and this property can be used to verify that the EPROM 
is secured. The programmed security bit also prohibits further 
device programming and the execution of external Program 
Memory. 


Full functionality and programmability may be restored by 
erasing the EPROM and thus clearing the security bit. 












PROG 
50 ms PULSE TO GND 


M$ Vpp = 21 V8 


LS001373 


*When programming, a 0.1 x 107 §F capacitor is required across Vpp and ground to suppress spurious tran- 


sients which may damage the device. 


Figure 6. Programming the Security Bit 
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8751H/8753H 


Silicon Signature Verification 


AMD will support silicon signature verification for the 8751H/ 
8753H. To ensure that the device can be programmed 
according to the adaptive EPROM programming algorithm, the 
manufacturer code and part code can be read from the device 
before any programming is done. 


To read the silicon signature, set up the conditions as 
specified in Figure 7. Note that P25 is now required to be a 
TTL high level. Read the first byte of the silicon signature by 
applying address O000H to the device; the byte should be a 
01H, indicating AMD as the manufacturer. Then read the 
second byte of the silicon signature by applying address 
0001H to the device; the byte should be ODH, indicating the 
AMD 8751H/8753H product family. 


Erasure Characteristics 


Light and other forms of electromagnetic radiation can lead to 
erasure of the EPROM when exposed for extended periods of 
time. 


ADOR Ap-Ay Py 


Wavelengths of light shorter than 4000 angstroms, such as 
sunlight or indoor fluorescent lighting, can ultimately cause 
inadvertent erasure and should, therefore, not be allowed to 
expose the EPROM for lengthy durations (approximately one 
week in sunlight or three years in room-level fluorescent 
lighting). It is suggested that the window be covered with an 
opaque label if an application is likely to subject the device to 
this type of radiation. 


It is recommended that ultraviolet light (of 2537 angstroms) be 
used to a dose of at least 15 W-sec/cm® when erasing the 
EPROM. An ultraviolet lamp rated at 12,000 pW/cm* held one 
inch away for 20-30 minutes should be sufficient. 


EPROM erasure leaves the Program Memory in an "all ones" 
State. 


READ DATA 
(USE 10 kN 
PULL —UPS) 


P20-P23 
8751H/ 
8753H 


Vint 


(Address 0000H) = Manufacture Code 


=01 
= Part Code 
= 0DH 


(Address 0001H) 


LS001404 


Figure 7. 8751H/8753H Silicon Signature Verification Configuration 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature -65 to +150°C Commercial (C) Devices 
Voltage on EA/Vpp Pin to Vsg -0.5 to +21.5 V Temperature (Ta) 
Voltage on Any Other Pin to Vss -0.5 to +7 V Supply Voltage (Vcc) 
Power Dissipation ..............cccccscesesceeseceeerececetnens 1.5 W Ground (Vss) 


Stresses above those listed under ABSOLUTE MAXIMUM Industrial (I) Devices (Preliminary) 
RATINGS may cause permanent device failure. Functionality Temperature (Ta) 

at or above these limits is not implied. Exposure to absolute Supply Voltage (Vcc) 
maximum ratings for extended periods may affect device Ground (Vss) 

reliability. 


H€SZ8/HILSZ8 


. Operating ranges define those limits between which the 
functionality of the device is guaranteed. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Parameter 
Symbol Parameter Description Test Conditions 


[Vir | put LOw Votage xcept EM) _———S—S~dT~SSCSC~C~C~S~CS*~CS~SCS rs | vm | 
[Vnr | put Low Votage to FRSC SSCSCSCSCSCSCSSST | 9 | rd 
[Vin | Input HIGH Voltage (Except XTAL AS) _——SC<dYSSSCSC~C~C~—~SsS Ves | 
Vo iou= 18 mA 


<|<[< 


Vout Output LOW Voltage (Port 0, ALE, PSEN) ae Sea 


L 
VOH Output HIGH Voltage (Ports 1, 2, 3) loH =-80 pA 


PSEN 
ie) 
Output HIGH Voltage et 
Von (Port 0 in External Bus Mode, ALE, PSEN) loH = -400 HA 
tit Logical O Input Current (Ports 1, 2, 3) Vin = 0.45 V 
Nu Logical 0 Input Current (EA) 
he Logical 0 Input Current (XTAL2) IN = 0.45 V 
Ih 
Cc 


| Input Leakage Current (Port 0) .45 < Vin < Voc 
Logical 1 Input Current (EA) 
hhya Input Current to RST to Activate Reset IN <(Vcc-1.5 V) 


Power Supply Current Pheovea Disconnected; 


Pin Capacitance Test Freq = 1 MHz 


Power Down Current Voc =0 V, Vpp =5 V 


Notes: 1. Capacitive loading on Ports 0 and 2 may cause spurious noise pulses to be superimposed on the Vos of ALE and Ports 1 and 3. The noise 
is due to externa! bus capacitance discharging into the Port 0 and Port 2 pins when these pins make 1-to-0 transitions during bus operations. 
In the worst cases (capacitive loading > 100 pF), the noise pulse on the ALE line may exceed 0.8 V. In such cases it may be desirable to 
qualify ALE with a Schmitt Trigger, or use an address latch with a Schmitt Trigger STROBE input. 


C 
Cio 





See Section 6 for Thermal Characteristics Information. 
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8751H/8753H 


SWITCHING CHARACTERISTICS over operating range unless otherwise specified 
(Load Capacitance for Port 0, ALE, and PSEN = 100 pF, Load Capacitance for All Other Outputs = 80 pF) 


| 12 MHz Ose. | Variable Oscillator 


TTGLOL | Osellator Frequency ev lee ee oe el 


Parameter Parameter 
Symbol Description 


TRLRH RD Pulse Width 


P 


TAVDV Address to Valid Data In 


TLLWL ALE to RD or WR 


TAVWL Address to RD or WR 
TQVWX Data Valid to WR Transition 


TQVWH Data Setup Before WR 


P48 
ae 
= 
[190 
ee 
aCe 
eens 
Ps 
ae 
400 
ee 
fea d 
Ld 
ane 
aan 
200 | 
203 
[435 _| 


fees 
Et 
P63] 
Peel 
eal 
[700] 
peat 
[a] 
Panel 
a 
| 
i 
282 _| 
fg) 
505 _| 
300 | 
al 
aa 
fer 


TWHOX Data Hold After WA ks ee 
TRLAZ Address Float Aftor AD ee Oe a 
TWHLH RD or WR HIGH to ALE HIGH | 33 | 133° |  TCLCL-50 TCLCL+50 | ns | 


SWITCHING WAVEFORMS 
KEY TO SWITCHING WAVEFORMS 


WAVEFORM 


INPUTS 


MUST BE 
STEADY 


MAY CHANGE 
FROMHTOL 


MAY CHANGE 
FROML TOH 


DON’T CARE: 
ANY CHANGE 
PERMITTED 


DOES NOT 
APPLY 
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OUTPUTS 


WILL BE 
STEADY 


WILL BE 
CHANGING 
FROMH TOL 


WILL BE 
CHANGING 
FROML TOH 


CHANGING; 

STATE 

UNKNOWN 
CENTER 
LINE IS HIGH 


IMPEDANCE 
“OFF” STATE 


KS000010 


TCLCL-4 
TCLCL-3 
TCLCL-2 

1 


3TCLCL- 


6 
TCLCL-8 

1 

5 


6TCLCL- 100 


0 
3TCLCL-50 
4TCLCL- 130 


TCLCL-7 
7TCLCL- 150 


TCLCL-50 


0 
5 
5 
6TCLCL- 100 
0! 
0 


a cok a DR 


4TCLCL- 150 


3TCLCL- 150 


TCLCL~20 
5 


5TCLCL- 150 


5TCLCL- 165 


2TCLCL-70 

8TCLCL- 150 
9TCLCL-165 
3TCLCL+ 50 





SWITCHING WAVEFORMS 


oa 
“ 
o1 
anh 
- 
~ 
fee] 
“Ni 
or 
wo 
<= 


TLLPL 
TPLPH————>} 
o—— TLV 


TPLIV 


TPXAV 
TPXIZ 
sail eagi 
eK) 


( 


TAVWV ——— 


ae 


External Program Memory Read Cycle 


WF008744 





o aS 


¥, Ng 
ee 9.8 


WF008733 


External Data Memory Read Cycle 
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8751H/8753H 


SWITCHING WAVEFORMS (Cont'd) 


Tavwx 
TAVLL TLLAX TQVWH 


ce Se OCs) 


TAVWL 


WF008757 


External Data Memory Write Cycle 


—— 
ge a pede ct a Le ee lh 
beeen | 


{ SET 
‘WAITE TO Sau TxWov || -— TXHOK 


meson > Gf CS Ge Co) GD CS aC) Ee Co Se > 
a i 


Sete 
CLEAR 


WF008723 


Shift Register Timing Waveforms 
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EXTERNAL CLOCK DRIVE 


mee [ee Te 
Symbol Description 

[_WTccL | _Osellator Frequency —SSSSSCSC~C~idSC(‘ !SSSC;C~C*dSCOS;*C*C*‘«SC“‘(L”*«SOM?”C 
OS so CO 
Pp acx | «tOWTime—OS—~—sSSSSC‘<~;~;~;~zdSC<CSSCd]STTCTCTC~dSC( (tC 
[roc id] no img CCOC~CSCSCSSC™CSCSCTTCYT SCO 
[tcHce——S~SC~*d’Ciimg ~=——OCSSCSCOCSCSC™~—CsCSCSCSCSCS| SSC TSC‘ TdT Cid 


HESZ8/HISZ8 


WF008762 
External Clock Drive Waveforms 


SERIAL PORT TIMING — SHIFT REGISTER MODE 
(Load Capacitance = 80 pF) 


Symbol Description 


[TH____—~SCS~S*diCS al Pot ioc Cycle Time SCS to | Holaaraetiacae 

[TavxH | Output Data Setup to Clock Fising Edge | 700 |_| vorcuci-waa | SS 
so |_| Lo 
os ae ——— 
at 


aul Variable Oscillator 
Parameter Parameter 
| ws 


12TCLCL us 


2TCLCL-117 


TXHQX Output Data Hold After Clock Rising Edge 
TXHDX Input Data Hold After Clock Rising Edge 
TXHDV Clock Rising Edge to Input Data Valid 


t 


700 TOTCLCL- 133 





AC Testing 


0.2 Voo+0.9 Vuoap+0.1 V Vou-0.1V 


0.2 Voc -0.1 Vo_+0.1V 


WF020900 WF020940 


FOR TIMING PURPOSES A PORT PIN IS NO LONGER FLOATING WHEN A 
100 mV CHANGE FROM LOAD VOLTAGE OCCURS, AND BEGINS TO 
FLOAT WHEN A 100 mV CHANGE FROM THE LOADED Von/Vo,_LEVEL 
OCCURS. IoL/loH # +20 mA. 


AC INPUTS DURING TESTING ARE DRIVEN AT Vcc~0.5 FOR A LOGIC 
"{"AND 0.45 V FOR A LOGIC "0."' TIMING MEASUREMENTS ARE MADE 
AT Vi MIN. FOR A LOGIC 1" AND Vi_ MAX. FOR A LOGIC "0." 


Input/Output Waveform Float Waveform 
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8751H/8753H 


EPROM PROGRAMMING AND VERIFICATION CHARACTERISTICS 
(Ta = +21 to +27°C, Vog=+5 V +10%, Vsg=0 V) 


[me [= [= [= 
Symbol Description 
[ve] Programming Suppy Volage——~—~=~“—*~—*~idSCSC“‘CRSSCO™*C*dSOC*“‘éSSC*d;S“SSOC*d 
[ep | Programming Supply Curent ———SS~sCSC‘“~;~C;‘;‘~;~‘~;~srSSSC‘ OC~*dSC‘am A+’ 
[_arroict | Oseiator Frequency _———SCSCS—~—S Cd dC 
[“TaVGL | Address Setup to PROG ——SCSC~—~‘“*~*~idCSC‘“‘“TC*dSC“‘S;NOC'’YCOOC‘“(#SCW 
| TaHax | Address Hold Ater PROG —SSC~“‘~“~*~dCSC‘“‘“TNSSC“GSSCSC*~“SC*dSOC‘(CCC#d 
[rove _*| Data Soup PROG SSSC~“~*‘“~*wCSC“‘iTCSCSC*dSC“‘CNCN#”SC'‘édS“N#NNNNNT 
TGHOX 
TEHSH 
TSHGL [Ver Soup to PROG SCSC~“~*~sCSC“‘CCSNON’CWC#C#‘#d’ 
TGHSL [Vor Hold ater PROS ——SSCSC~=“*‘“*S*S*~sSC“‘CNNONNCNO#d’ 
TGLGH PROG Width a ee 
[—tavav | Address to Data valid ———SSC—~—~—CS~SSCSC‘“‘“‘C;*‘;*é*dC CS 
[tevav___| ENABLE to Data veld —SSOC—~—SCSCCCCSCSC~—~SCS~dSCSC LCS CSC*” 
[TeHoz | Data Float After ENABIE——=SC~=~“‘“‘S*S*C*~srtSC“‘CSCNCOC™#C#C#C#‘d”z#(C(CC##MTONGRT CdS SC~—~S 


EPROM PROGRAMMING AND VERIFICATION WAVEFORMS 


PROGRAMMING VERIFICATION 


sa (2 3) ae, 


8753H 
pion Piz 
2.07? 2.4 TAVQV 


<=, = 
TOVGL 

TAVGL ase 
ALE/PROG 


iia TLL LL 


WF008713 


For Programming conditions, see Figures 1, 2, and 3. 
For Verification conditions, see Figures 4 and 5. 
For Security Bit Programming, see Figure 6. 
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Bus Translator 
ABSTRACT 


This paper describes an interface technique that permits all 
speed versions of the 68000 CPU to communicate with all 
28000 peripherals. Further, the microprogrammable nature of 
this interface allows intermixing of various speed peripherals 
on the same Z-Bus by dynamically modifying the bus transla- 
tor's timing characteristics on a cycle-by-cycle basis. Included 
are a circuit description, PROM programs, PAL equations and 
a discussion on a typical system's architecture. 


BUS TRANSLATOR CIRCUIT DESCRIPTION 
(Figures 1 and 2) 


The bus multiplexer contains one 8-bit bus buffer (Am29827) 
and two bus transceivers (Am29863). These components 
accept the separate address and data buses of the 68000 
and, using three-state techniques, multiplex them together to 
form the Z-Bus address/data path (AD Bus). Only six address 
lines are required to directly address all control and data 
registers in the Z8000 peripherals. The timing sequence of this 
multiplexing operation is derived from the state sequencer and 
the translator logic. 


The translator logic contains hard-wired logic elements that 
accept 68000 bus contro! signals (CLK, AS, DS, R/W) as 
inputs and, in conjunction with the state sequencer inputs (T,, 
To, Ta, T4, Ts), produce Z-Bus control signals (AS, DS, Ao, R/ 
W, B/W), 68000 DTACK, and the bus multiplexer control 
signals. 


In addition, a Z8000 peripheral inhibit input (ZINH) is provided 
to prevent the bus translator from responding to 68000 bus 
operations when none of the Z8000 peripherals is being 
accessed (i.e., a 68000 instruction fetch). Also, a translator 
output enable (TOE) is provided, so that control of the Z-Bus 
can be relinquished to another master, such as a DMA 
Controller, if required (see Figure 9). Both TOE and ZINH are 
generated by an external chip select decoder (see System 
Architecture section). This translator logic can easily be 
implemented utilizing a PAL (AmPAL16R4) as shown in Figure 
3. The fuse map for this PAL is detailed in Figure 4 and the 
design equations are: 


ZB/W: = /MUDS: + :/MLDS 

MDTACK: = T, * MUDS + T; * MLDS 
/ZAq + MLDS 

;when TOE is LOW 


The state sequencer, shown in Figure 2, is a registered PROM 
(Am27S35) which provides microprogramming ability for the 
bus translator. The registered PROM contains a fusible-link 
PROM memory array, an output register, and an (user- 
programmable) initialize word (Figure 5). When INIT is pulled 
LOW, the contents of the initialize word are sent to the output, 
regardless of the state of the clock or the address inputs. In 
this application, the initialize word is programmed to OOH. 
Outputs O, through O, generate timing signals T, through Ts, 
which are used as gating inputs by the translator logic. These 
gating signals along with the 68000 control signals determine 
when the Z-Bus control signals will be activated and the 
duration of these signals. The program sequences stored in 
this PROM are user-definable and are a function of the CPU 
and peripheral types and speeds implemented in the system. 


STATE 
SEQUENCER 


TRANSLATOR 
LOGIC 


BD003870 


Figure 1. 


The next address to be accessed is determined by the clock 
strobed data outputs, O, through O7. For this to work properly, 
a unique and non-redundant output word must exist for every 
clock cycle. Since there will be instances where T, through T, 
will not change for many clock cycles, a ''counter" function 
must be included via O;, Og and O,. This counter function 
allows up to 8 idle states (83.3ns per idle state) to be inserted 
between T, through T; transitions. Address lines Ag and Ag 
provide the ability to dynamically select up to 4 individual 
sequences. Figure 6 is a PROM program required to generate 
the read and write cycles shown in Figure 8. When A, is LOW, 
a read cycle is selected; with A, in the HIGH state, a write 
cycle is selected; with Ag LOW and A, HIGH, a "read 
interrupt’ cycle is selected. Other possible sequences would 
support intermixing of 4 and 6MHz peripherals on a cycle-by- 
cycle basis. 


This state sequencer design assumes that a minimum chip 
count is preferred and that PROM space is inexpensive. In the 
example of Figure 6, only 29 locations out of 1,000 are used. If 
smaller memories are preferred and chip count is not critical, 
then the state sequencer in Figure 7 can be substituted. In this 
example, a hardware counter is provided so that no "counter" 
function is required in the PROM. Also, the PROM array need 
only be 64 words deep. This approach also allows more 
sequences to be added without drastically increasing the 
PROM array size. For instance, a separate read and write 
cycle for 4 and 6MHz peripherals, a separate read interrupt 
vector for 4 and 6MHz peripherals, and a two speed CPU 
cycle would require only 256 words of PROM space. 


It should be noted that the address inputs, used to select the 
sequence to be enabled, are generated by the same external 
chip select decoder that generates ZINH. 


BUS TRANSLATOR TIMING ANALYSIS 


Figure 8 illustrates the timing relationships between a 12MHz 
68000 and all 4MHz Z8000 peripherals. The signals shown are 
the 68000 control, address, and data inputs to the bus 
translator of Figure 2, and the corresponding Z-Bus control, 
address, and data outputs. The following discussion assumes 
that the 68000 CPU, bus translator and Z8000 peripherals are 
physically located on the same circuit board. If a backplane is 
used, its propagation delays must also be considered; howev- 
er, the set-up and hold times in this illustration will be sufficient 
for most system architectures. 
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Figure 4. Logic Diagram PAL16R4 


Bus Translator 


During S, the read/write line from the 68K will be set HIGH to 
indicate a read operation. MR/W puts the transceivers in the 
receive mode and is used by the Z-Bus as ZR/W. In a read 
operation, the 68K address will become valid sometime during 
S,, and the external chip select decoder will read this address 
and determine whether a Z8000 I/O operation is being 
started. If it is a 28000 I/O operation, ZINH, Ag, and A, will be 
appropriately set. MAS will be asserted during S,. This action: 
1) releases the state sequencer via INIT and begins the Tx 


state on the next positive edge of MCLK (shown as 0,), 2) 
causes AOE to go active, thus driving the AD bus with the 
address, and 3) asserts ZAS. MUDS and/or MLDS are also 
asserted in S, and cause ZAy and ZB/W to be appropriately 
set. At 0, the state sequencer asserts T,, causing ZAS to be 
negated. This phase was chosen to meet the required 70ns 
(min) ZAS pulse width (TWAS), and 30ns (min) address to ZAS 
set-up time (TsA (AS)). At 0, the state sequencer asserts T, 
and T,. T, causes the AOE line to negate which removes the 





address and three-states the AD bus. This meets the required 
50ns (min) address to ZAS hold time (ThA (AS)). T, causes the 
ZDS to be asserted on the negative edge of 03. This meets the 
ZAS to ZDS delay of 60ns (min). 128 X 64 


1 OF 128 PROGRAMMABLE 

On the falling edge of ZDS, the peripheral will drive the AD Ble allel 

bus, and data on the AD bus will be valid 250ns later (an 

exception to this occurs in the Z8030 which requires 520ns 

from rising edge of ZAS to valid read data). At 0; the 

sequencer sets Ts, which in turn causes MDTACK to be 

asserted on the negative edge of 0;. The 68K samples this line 

on the negative edge of 0, and accepts the input data on the 

negative edge of 0;. At 0, the T, line is asserted, which 10F8 

activates DOE on the negative edge of 0,. This enables AD Peto 

bus data to the 68K data bus. T, may be set to occur anytime : 

before the negative edge of 07. During S, the 68K will negate 

MAS, MUDS, and MLDS. This action causes the sequencer to 

reset (via INIT), and on the negative edge of 0,, ZDS, PROGRAMMABLE INITIALIZE WORD 
MDTACK, and DOE will be negated to end the read cycle. CP 8-BIT EDGE -TRIGGERED REGISTER 
Note that the peripheral provides the zero data hold time 

required by the 68000. It should also be noted that DTACK is 

used to insert wait states (2 wait states=1 MCLK). The 

assertion of DTACK via T, is a function of the minimum 

required ZDS pulse width (in this case 390ns), and the 

minimum time required for the peripheral to provide valid data Q; & 

to the AD bus. Therefore, in using the Z8030, Ts; would not BD003910 
occur (this is accomplished by inserting 2 idle states in the 


sequencer) until 07, and the rest of the read cycle would be 
proportionately extended. Figure 5. Am27S35 Block Diagram 
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The write cycle operates in a similar manner with two 
exceptions. First, there is a required data set-up time of 30ns 
with respect to the falling edge of ZDS (TsDW(DSF)). There- 
fore, one sequencer idle state is required between T, and T,. 
Secondly, there is a required data hold time of 30ns with 
respect to the rising edge of ZDS (ThDW(DS)). Therefore, T; is 
asserted at 0,3, while T, is negated at Og. If bidirectional 
registers are substituted for the data transceivers, four wait 
states can be eliminated from the write cycle. 


TIMING PARAMETERS 


During a read interrupt vector cycle, timing parameters are the 
same as a normal read operation with the exception of the 
ZAS to ZDS delay. In a normal read, this parameter is 60ns. 
However, during an interrupt, this parameter (TdDCST) must 
be equal to or greater than the interrupt daisy chain settling 
time. When five Z8000 peripherals are in this chain, this 
parameter is approximately 710ns. To accommodate this 
requirement, 8 idle states must be inserted between T, and T, 
by the state sequencer. This state sequencer detects an 
interrupt operation via Ag (reference Figure 6). 


SYSTEM ARCHITECTURE 


Figure 9 illustrates an architecture that allows the 68K to 
perform other tasks while an !/O operation is in progress. The 
Z|/O chip select decoder accepts: 





1) CPU Status — indicates an interrupt read cycle is required. 
This activates RIV (Read Interrupt Vector). 


2) R/W — indicates that the current cycle is a read or a write. 
This activates 1/OR/W. 


3) MAn— A user-definable number of address lines (6 lines 
minimum) that identifies which peripheral is being ad- 
dressed. This activates the appropriate CS line, ZI/O REQ, 
ZINH and 4/6MHz. 


The ZI/O bus arbiter is used to determine who has I/O bus 
control and is only required if a DMA controller is part of the Z 
peripheral chain. 


It accepts: 
1) ZI/O REQ — indicates the CPU is requesting the I/O bus. 


2) DMA BUS REQ — indicates the DMA controller is request- 
ing the t/O bus. 


3)M BUS REQ —allows the 68K to request the !/O bus 
before the |/O cycle is started. 


and generates: 


1) ZBUS ERR — flags the 68K when the CPU starts a ZI/O 
operation and the I/O bus is busy. 


2) ZI/O BUS BUSY —A Z-bus status line that can be polled 
by the CPU. 


3) DMA BUS ACQ —grants control of the ZI/O bus to the 
DMA controller. 









4) TOE — grants control of the ZI/O bus to the Bus Translator. 
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Figure 7. 


This type of architecture is useful in I/O intensive applications 
where the data must be operated on concurrently by the CPU 
(i.e., PBX systems, disk controllers, etc.). Data is received and 
transmitted by this system via the DMA controller. Transmitted 
data is loaded into the Buffer Memory by the CPU and is then 
transmitted via a DMA operation. Received data is loaded into 
the Buffer Memory via a DMA operation and is then read by 
the CPU. In extreme cases this Buffer Memory can be dual 
ported so that true concurrent operation between CPU and 
1/O is achieved. In single-ported Buffer Memory architectures, 
a Bus Arbiter is required to grant ZI/O bus contro! to CPU or 
DMA controller. In this example, the CPU can poll the arbiter 
for ZI/O bus control and lock out the DMA controller until the 
CPU has completed its I/O operation. Alternately, the CPU 
can start a ZI/O bus operation, and if the bus is busy, a bus 
error is generated. The operation of this arbiter is straightfor- 
ward and can be constructed using a minimal number of gates 
and flip-flops. 


The I/O chip select decoder is a combination chip selector 
and memory mapper. Note that the 4MHz/6MHz signal is used 
by the bus translator to allow intermixing of slow and fast 
peripheral chips. 


The DMA controller is an AmZ8016, which utilizes "'link-lists" 
to update its control registers. This further reduces the need 
for CPU intervention, thus increasing system performance. 
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CONCLUSIONS 


This circuit is a highly efficient and flexible bus translator that 
allows Z8000 peripherals and a 68000 CPU to intercommuni- 
cate in a uniform manner; the same technique is also 
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applicable to other CPU's, such as iAPX86, LSI-11 and 


N16000. 





Z8001°/Z8002° 


Z8001 /Z8002° 


16-Bit Microprocessors 


DISTINCTIVE CHARACTERISTICS 


4, 6, 8 MHz CPU Clock 

High throughput with low system clock rate for easi- 
er system design 

Powerful General Register Architecture 

16 general registers provide high throughput in all 
types of applications. 

Wide Variety of Data Types 

Instructions operate on bits, bytes, 16- and 32-bit 
words for efficient programming of a wide variety of 
functions. 


@ Partitioned for Operating System Protection 
Hardware bit protects privileged instructions from ex- 
ecution except by operating system. 

Supports 3 Types of Interrupts 

Separate pins provided for vectored, non-vectored 
and non-maskable interrupts 

Two Compatible CPUs 

Compact 40-pin Z8002 supports 64KB memory; larg- 
er 48-pin Z8001 supports 8MB memory. 


GENERAL DESCRIPTION 


The Z8001* is a general-purpose 16-bit CPU belonging to 
the Z8000 family of microprocessors. Its architecture is 
centered around sixteen 16-bit general registers. The CPU 
deals with 23-bit address spaces and hence can address 
directly 8MB of memory. The 23-bit address consists of two 
components: 7-bit segment number and 16-bit offset. 
Facilities are provided to maintain three distinct address 
spaces — code, data and stack. The Z8001 implements a 
powerful instruction set with flexible addressing modes. 
These instructions operate on several data types — bit, 


byte, word (16-bit), long word (32-bit), byte string and word 
string. The CPU can execute instructions in one of two 
modes — System and Normal. Sometimes these modes 
are also known as Privileged and Non-Privileged, respec- 
tively. The CPU also contains an on-chip memory refresh 
facility. The Z8001 is software compatible with the Z8002 
microprocessor. The Z8001 is fabricated using silicon-gate 
N-MOS technology and is packaged in a 48-pin DIP. The 
Z8001 requires a single +5 power supply and a single 
phase clock for its operation. 
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*Z8000, Z8001, and 28002 are trademarks of Zilog, Inc. 
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LOGIC SYMBOL 


ae 


gs 
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SN6 
SNS 
SNA 
SNS 
SN2 
SNI 
SNO 


ORDERING INFORMATION -— Z8001 


Commodity Products 


LS001272 


AMD commodity products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: a. Device Number 

b. Speed Option 

c. Package Type 

d. Temperature Range 

e. Optional Processing 


& B 
aes OPTIONAL PROCESSING 
Blank = Standard processing 
B = Burn-in 
d. TEMPERATURE RANGE* 


C = Commercial (0 to + 70°C) 


. PACKAGE TYPE 
P = 48-Pin Plastic DIP (PD 048) 
D = 48-Pin Sidebrazed Ceramic DIP (SD 048) 


A BD. 


. SPEED OPTION 
Blank = 4 MHz 
A=6 MHz 
A-8 = 8 MHz 
a. DEVICE NUMBER/DESCRIPTION 
Z8001 
16-Bit Segmented Microprocessor 


Valid Combinations Valid Combinations 


Valid Combinations list configurations planned to be supported in 

ZB001A PC, DC, DCB volume for this device. Consult the local AMD sales office to 

; confirm availability of specific valid combinations, to check on 

Z8001A8 newly released combinations, and to obtain additional data on 
AMD's standard military grade products. 





*This device is also available in Military temperature range. See 
MOS Microprocessors and Peripherals Military Handbook (Order 
#09275A/0) for electrical performance characteristics. 
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Z8001°/Z8002° 


ORDERING INFORMATION - 28002 


Commodity Products 


AMD commodity products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: a. Device Number 

b. Speed Option 

c. Package Type 

d. Temperature Range 

e. Optional Processing 


A D & B 
ees OPTIONAL PROCESSING 
Blank = Standard processing 
B = Burn-in 
d. TEMPERATURE RANGE” 
C=Commercial (0 to + 70°C) 
c. PACKAGE TYPE 
P = 40-Pin Plastic DIP (PD 040) 
D = 40-Pin Sidebrazed Ceramic DIP (CD 040) 
b. SPEED OPTION 


Blank = 4 MHz 
A=6 MHz 
A-8 = 8 MHz 


Z8002 


a. DEVICE NUMBER/DESCRIPTION 
28002 
16-Bit Non-Segmented Microprocessor 


Valid Combinations 
Valid Combinations Valid Combinations list configurations planned to be supported in 
78002 volume for this device. Consult the local AMD sales office to 
confirm availability of specific valid combinations, to check on 
28002A PC, DC, DCB newly released combinations, and to obtain additional data on 


AMD's standard military grade products. 


“This device is also available in Military temperature range. See 





MOS Microprocessors and Peripherals Military Handbook (Order 
#09275A/0) for electrical performance characteristics. 
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Z8001°/Z8002" 


Z8001 PIN DESCRIPTION 


| Pino. | Name | vo Description 


ESR Te EN SA 


1, 38-40, 43, ADO-AD15 Bidirectional, 3-State. Address/Data Bus. This 16-bit multiplexed address/data bus is used for all 

41, 44, 45, 48, 1/O and memory transactions. HIGH on the bus corresponds to 1 and LOW_corresponds to_0. 

2-6, 10, 9 ADO is the least significant bit position with AD15 is most significant. The AS output and D DBS 
output will indicate whether the bus is used for address offset or data. The status output lines 
STO-ST3 will indicate the type of transaction: memory or I/O. 


3-State. Address Strobe. LOW on this output indicates that the ADO-AD15 bus contains address 
information. The address information is stable by the time of the LOW-to-HIGH transition of the 
AS output (see timing diagram). The status outputs STO-ST3 indicate whether the bus contains a 
memory address or 1/O address. 


3-State. Data Strobe. LOW on this output indicates that the ADO-AD15 bus is being used for data 
transfer. The R/W output indicates the direction of data transfer - read (or in) means data into 
the CPU and write (or out) means data from the CPU. During a read operation, data can be gated 
on to the bus where DS goes LOW. A LOW-to-HIGH transition on the DS output indicates that 
the CPU has accepted the data (see timing diagram). During a write operation, LOW on the DS 
output indicates that data is set up on the bus. Data will be removed sometime after the LOW-to- 
HIGH transition of the DS output (see timing diagram). 


3-State. Read/Write. This output indicates the direction of data flow on the ADO-AD15 bus. 
HIGH indicates a read operation, i.e., data into the CPU, and LOW indicates a write operation, 
i.e., data from the CPU. This output is activated at the same time as AS going LOW and remains 
stable for the duration of the whole transaction (see timing diagram). 


3-State. Byte/Word. This output indicates the type of data transferred on the ADO-AD15 bus. 
HIGH indicates byte (8-bit) and LOW indicates word (16-bit) transfer. This output is activated at 
the same stage as AS going LOW and remains valid for the duration of the whole transaction 
(see timing diagram). The address generated by the CPU is always a byte address. However, the 
memory is organized as 16-bit words. All instructions and word operands are word aligned and 
are addressed by even addresses. Thus, for all word transactions with the memory, the least 
significant address bit will be zero. When addressing the memory for byte transactions, the least 
significant address bit determines which byte of the memory word is needed; even address 
specifies the most significant byte, and odd address specifies the least significant byte. In the 
case of 1/O transactions, the address information on the ADO-AD15 bus refers to an I/O port, 
and B/W determines whether a data word or data byte will be transacted. During I/O byte 
transactions, the least significant address bit AO determines which half of the ADO-AD15 bus will 
be used for the I/O transactions. The STO-ST3 outputs will indicate whether the current 
transaction is for memory, normal I/O or special 1/0. 


3-State. Status. These four outputs contain information regarding the current transaction in a 
coded form. The status line codes are shown in the table on the following page. 


Wait. LOW on this input indicates to the CPU that memory or I/O is not ready for the data 
transfer, and hence, the current transaction should be stretched. The WAIT input is sampled by 
the CPU at certain instances during the transaction (see timing diagram). If WAIT input is LOW at 
these instances, the CPU will go into wait state to prolong the transaction. The wait state will 
repeat until the WAIT input is HIGH at the sampling instant. 


3-State. Normal/System Mode. HIGH on this output indicates that the CPU is operating in 
Normal Mode and LOW indicates operation in System Mode. This output is derived from the Flag 
Control Word (FCW) register. The FCW register is described under the processor status 
information section of this document. 


18 3-State. Memory Request. LOW on this output indicates that a CPU transaction with memory is 
taking place. 


BUSRQ Bus Request. LOW on this input indicates_to the CPU that another device (such as DMA) is 
requesting to take contro! of the bus. The BUSRQ input can be driven LOW anytime. The CPU 
synchronizes this input internally. The CPU responds by activating BUSAK output LOW to 
indicate that_the bus has been relinquished. Relinquishing the bus means that the ADO-AD15, 
AS, DS, B/W, R/W, N/S, STO-ST3, SNO-SN6 and MREQ outputs will be in the high impedance 
state. The requesting device should control these lines in an identical fashion to the CPU to 
accomplish transactions. The BUSRQ input must remain LOW as long as needed to perform all 
the transactions and the CPU will keep the BUSAK output_LOW. After completing the 
transactions, the device must disable the ADO-AD15, AS, DS, B/W, R/W, N/S, STO-ST3, SNO- 
SN6 and MREG into the high impedance state and stop driving the BUSRO input LOW. The CPU 
will make BUSAK output HIGH sometime later and take back the bus control. 


Bus Acknowledge. LOW on this output indicates that the CPU has relinquished the bus in 
response to a bus request. 


Non-Maskable Interrupt. A HIGH-to-LOW transition on this input constitutes non-maskable 
interrupt request. The CPU will respond with the Non-maskable Interrupt Acknowledge on the 
STO-ST3 outputs and will enter an interrupt sequence. The transition on the NMI can occur 
anytime. Of the three kinds of interrupts available, the non-maskable interrupt has the highest 
priority. 
Vectored Interrupt. LOW on this input constitutes vectored interrupt request. Vectored interrupt 
is next lower to the non-maskable interrupt in priority. The NVIE bit in the Flag and Control Word 
; register must be 1 for the vectored interrupt to be honored. The CPU will respond with Vectored 
Interrupt Acknowledge code on the STO-ST3 outputs and will begin the interrupt sequence. The 
Vi input can be driven LOW anytime and should be held LOW until acknowledged. 
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Z8001 PIN DESCRIPTION (Cont.) 


pin No. | Name | vo _| Description 


Non-Vectored Interrupt. LOW on this input constitutes non-vectored interrupt request. Non- 
vectored has the lowest priority of the three types of interrupts. The NVIE bit in the Flag and 
Control Word register must be 1 for this request to be honored. The CPU will respond with Non- 


Vectored Interrupt Acknowledge code on the STO-ST3 outputs and will begin the interrupt 
sequence. The NVI input can be driven LOW anytime and should be held LOW until 
acknowledged. 








Micro-In. This input participates in the resource request daisy chain. See the section on 
multimicroprocessor support facilities in this document. 










Micro-Out. This output participates in the resource request daisy chain. See the section on 
multimicroprocessor support facilities in this document. 


Reset. LOW on this input initiates a reset sequence in the CPU. See the section on Initialization 
for details on reset sequence. 


ie en 
Clock. All CPU operations are controlled from the signal fed into this input. See DC 
Characteristics for clock voltage level requirements. 
Stop. This active LOW input facilitates one instruction at a time operation. See the section on 





aes eae Saaew 
7 
single stepping. 
26, 25, 37, 24 3-State. Segment Number. These seven outputs contain the segment number part of a memory 
42, 46, 47 address. A HIGH on the output corresponds to 1 and a LOW corresponds to 0. SNO is the least 








significant bit position and SN6 is the most significant bit position. 


Segment Trap. LOW on this input constitutes a segment trap request. If the line is driven LOW, 
the CPU will respond with the Seqment Trap Acknowledge code on the Status lines and 
commence a trap sequence. The SEG T input may be driven LOW at any time and is customarily 
held LOW until acknowledged. This input has priority over the interrupts. 












Status Line Codes 
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cypepcici|e 
Tlolrict(re 


xyjrcy rye 
rie([erl[x 


rc 
x= 
oO ee ce ee ee ee 


= 
- 


Ce 8 el dO 0 el 


x= 
= 
rc 


HW [Resoned SS 
a a Co ee 





5-15 


N 
fo] 
[=] 
Oo 
oh 
» 
~ 
N 
@ 
=] 
Oo 
NO 
* 





Z8001°/Z8002° 


Z8002 PIN DESCRIPTION 


| Pino. | Name | v0 | Description 


fio Moc | t+ Power Supply. 
pe WS ES NOUN se ee 


ADO-AD15 1/O | Bidirectional, 3-State. Address/Data Bus. This 16-bit multiplexed address/data bus is used for all |/O and memory 
transactions. HIGH on the bus corresponds to 1 and LOW corresponds to 0. ADO is the least significant bit position 
with AD15 is most significant. The output and DS output will indicate whether the bus is used for address offset 
or data. The status output lines STO-ST3 will indicate the type of transaction: memory or (/O. 


3-State. Address Strobe. LOW on this output indicates that the ADO-AD15 bus contains address information. The 
address information is stable by the time of the LOW-to-HIGH transition of the AS output (see timing diagram). The 
status outputs STO-ST3 indicate whether the bus contains a memory address or I/O address. 


3-State. Data Strobe. LOW on this output indicates that the ADO-AD15 bus is being used for data transfer. The R/W 
output indicates the direction of data transfer — read (or in) means data into the CPU and write (or out) means data 
from the CPU. During a read operation, data can be gated on to the bus where DS goes LOW. A LOW-to-HIGH 
transition on the DS output indicates that the CPU has accepted the data (see timing diagram). During a write 

operation, LOW on the DS output indicates that data is set up on the bus. Data will be removed sometime after the 
LOW-to-HIGH transition of the DS output (see timing diagram). 


3-State. Read/Write. This output indicates the direction of data flow on the ADO-AD15 bus. HIGH indicates a read 
operation, i.e., data into the CPU, and LOW indicates a write operation, i.e., data from the CPU. This output is 
activated at the same time as AS going LOW and remains stable for the duration of the whole transaction (see 
timing diagram). 


3-State. Byte/Word. This output indicates the type of data transferred on the ADO-AD15 bus. HIGH indicates byte 
(8-bit) and LOW indicates word (16-bit) transfer. This output is activated at the same stage as AS going LOW and 
remains valid for the duration of the whole transaction (see timing diagram). The address generated by the CPU is 
always a byte address. However, the memory is organized as 16-bit words. All instructions and word operands are 
word aligned and are addressed by even addresses. Thus, for all word transactions with the memory, the least 
significant address bit will be zero. When addressing the memory for byte transactions, the least significant address 
bit determines which byte of the memory word is needed; even address specifies the most significant byte, and odd 
address specifies the least significant byte. In the case of I/O transactions, the address information on the ADO- 
AD15 bus refers to an I/O port, and B/W determines whether a data word or data byte will be transacted. During |/ 
O byte transactions, the least significant address bit AO determines which half of the ADO-AD15 bus will be used for 
the I/O transactions. The STO-ST3 outputs will indicate whether the current transaction is for memory, normal I/O 
or special 1/0. 


STO-ST3 3-State. Status. These four outputs contain information regarding the current transaction in a coded form (see table 
on previous page). 


Wait. LOW on this input indicates to the CPU that memory or !/O is not ready for the data transfer, and hence, the 
current transaction should be stretched. The WAIT input is sampled by the CPU at certain instances during the 
transaction (see timing diagram). If WAIT input is LOW at these instances, the CPU will go into wait state to prolong 
the transaction. The wait state will repeat until the WAIT input is HIGH at the sampling instant. 


3-State. Norma!/System Mode. HIGH on this output indicates that the CPU Is operating in Normal Mode and LOW 
indicates operation in System Mode. This output is derived from the Flag Control Word (FCW) register. The FCW 
register is described under the picasso status information section of this document. 


Bus Abaaar LOW on this input indicates to the CPU that another device (such as DMA) is requesting to take 
BUSR a 


control of the bus. The input can be driven LOW anytime. The CPU synchronizes this input internally. The 
CPU responds by activating AK output LOW to indicate that the bus has been relinquished. Relinquishing the 
bus means that the ADO-AD15, AS, DS, B/W, R/W, N/S, STO-ST3, SNO-SN6 and MREQ outputs will be in the high 
impedance state. The requesting device should control these lines in an identical fashion to the CPU to accomplish 
transactions. The BUSRO i input must remain LOW as long as needed to perform all the transactions and the CPU 
will oy the BUSAK output LOW. After completing the transactions, the device must disable the ADO-AD15, AS 

, R/W, N/S, STO-ST3, SNO-SN6 and MRE into the high impedance state and stop driving the pene 
enue tow. The CPU will meke BUSAK i skal HIGH sometime later and take back the bus control. 


Non-Maskable Interrupt. A HIGH-to-LOW transition on this input constitutes non-maskable interrupt request. The 
CPU will respond with the Non-maskable Interrupt Acknowledge on the STO-ST3 outputs and will enter an interrupt 
sequence. The transition on the NMI can occur anytime. Of the three kinds of interrupts available, the non- 
maskable interrupt has the highest priority. 


Vectored Interrupt. LOW on this input constitutes vectored interrupt request. Vectored interrupt is next lower to the 
non-maskable interrupt in priority. The VIE bit in the Flag and Control Word register must be 1 for the vectored 
interrupt to be honored. The CPU will respond with Vectored Interrupt Acknowledge code on the STO-ST3 outputs 
and will begin the interrupt sequence. The VI input can be driven LOW anytime and should be held LOW until 
acknowledged. 


Non-Vectored Interrupt. LOW on this input constitutes non-vectored interrupt request. Non-vectored has the lowest 
priority of the three types of interrupts. The NVIE bit in the Flag and Control Word register must be 1 for this request 
to be honored. The CPU will respond with Non-Vectored Interrupt Acknowledge code on the STO-ST3 outputs and 
will begin the interrupt sequence. The NVi input can be driven LOW anytime and should be held LOW until 
acknowledged. 


Micro-In. This input participates in the resource request daisy chain. See the section on multimicroprocessor 
support facilities in this document. 


Micro-Out. This output participates in the resource request daisy chain. See the section on multimicroprocessor 
support facilities in this document. 


Reset. LOW on this input initiates a reset sequence in the CPU. See the section on Initialization for details on reset 
sequence. 


Clock. All CPU operations are controlled from the signal fed Into this input. See DC Characteristics for clock voltage 
level requirements. 


ie =—(s(tsti‘iL STOR CO} 1s Stop. This active LOW Input facilitates one instruction at a time operation. See the section on single stepping. 
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DETAILED DESCRIPTION 
The following is a description of the Z8001 and Z8002 CPUs. 
General Purpose Registers 


The CPU is organized around sixteen 16-bit general purpose 
registers RO through R15 as shown in Figure 1. For byte 
operations, the first eight registers (RO through R7) can also 
be addressed as sixteen 8-bit registers designated as RLO, 
RHO and so on to RL7 and RH7. The sixteen registers can 
also be grouped in pairs RRO, RR2 and so on to RR14 to form 
eight long word (32-bit) registers. Similarly, the sixteen regis- 
ters can be grouped in quadruples RQ0, RQ4, RQ8 and RQ12 
to form four 64-bit registers. 


Stack Pointer (Z8001) 


The Z8001 architecture allows stacks to be maintained in 
memory. Any general-purpose register pair except RRO can be 
used as a stack pointer in stack manipulating instructions, 
such as PUSH and POP. The designated register pair holds a 
23-bit segmented address. Certain instructions (such as sub- 
routine call and return) make implicit use of the register pair 
RR14 as the stack pointer. Two implicit stacks are allowed — 
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normal stack using RR14 as the stack pointer and system 
stack using RR14’ as the system stack pointer (see Figure 1). 
If the CPU is operating in the Normal Mode, RR14 is active, 
and if the CPU is in System Mode, RR14’ will be used instead 
of RR14. The implied stack pointer is a part of the general 
registers and hence can be manipulated using the instructions 
available for register operations. 


Stack Pointer (28002) 


The Z8002 architecture allows stacks to be maintained in the 
memory. Any general purpose register except RO can be used 
as a stack pointer in stack manipulating instructions, such as 
PUSH and POP. However, certain instructions such as subrou- 
tine call and return make implicit use of the register R15 as the 
stack pointer. Two implicit stacks are maintained — normal 
stack using R15 as the stack pointer and system stack using 
R15’ as the system stack pointer (see Figure 1). If the CPU is 
operating in the Normal Mode, R15 is active, and if the CPU is 
in System Mode, R15’ will be used instead of R15. The implied 
stack pointer is a part of the general registers and hence can 
be manipulated using the instructions available for register 
operations. 
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Figure 1. CPU General Registers 
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Figure 2. CPU Processor Status 


Processor Status 


The CPU status consists of the 16-bit flag and control word 
(FCW) register, and the 16- or 23-bit program counter (see 
Figure 2). A reserved word is also included for future expan- 
sion. The following is a brief description of the FCW bits. 


SEG: Segmented/Non-Segmented Bit. Indicates whether 
the Z8001 is running in segmented or non-segment- 
ed mode. 1 indicates segmented; 0 indicates non- 
segmented. See the section on non-segmented 
mode, elsewhere in this document. This bit is always 
0 in the 28002. 

System/Normal-—1 indicates System Mode, and 0 
indicates Normal Mode. 

Vectored Interrupt Enable - 1 indicates that Vectored 
Interrupt requests will be honored. 

Non-Vectored Interrupt Enable-1 indicates that 
Non-vectored interrupt requests will be honored. 
Carry - 1 indicates that a carry has occurred from the 
most significant bit position when performing arith- 
metic operations. 

Zero -1 indicates that the result of an operation is 
zero. 

Sign-1 indicates that the result of an operation is 
negative; i.e., most significant bit is one. 
Parity/Overflow — 1 indicates that there was an over- 
flow during arithmetic operations. For byte logical 
operations, this bit indicates parity of the result. 
Decimal Adjust - Records byte arithmetic operations. 
Half Carry - 1 indicates that there was a carry from 
the most significant bit of the lower digit during byte 
arithmetic. 


Data Types 


The CPU instructions operate on bits, digits (4 bits), bytes (8 
bits), words (16 bits), long words (32 bits), byte strings and 
word strings type operands. Bits can be set, reset or tested. 
Digits are used to facilitate BCD arithmetic operations. Bytes 
are used for characters and small integers. Words are used for 
integer values and addresses while long words are used for 
large integer values and addresses. All operands except 
strings can reside either in memory or general registers. 
Strings can reside in memory only. 


Interrupt and Trap Structure 


Interrupt is defined as an external asynchronous event requir- 
ing program interruption. For example, interruption is caused 
by a peripheral needing service. Traps are synchronous 
events resulting from execution of certain instructions under 
some defined circumstances. Both interrupts and traps are 
handled in a similar manner. 
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The CPU supports three types of interrupts in order of 
descending priority — non-maskable, vectored and non-vec- 
tored. The vectored and non-vectored interrupts can be 
disabled by appropriate control bits in the FCW. The CPU has 
four traps — system call, segment trap, unimplemented op- 
code and privileged instruction. The traps have higher priority 
than interrupts. 


When an interrupt or trap occurs, the current program status is 
automatically pushed onto the system stack. The program 
status consists of processor status (i.e., PC and FCW) plus a 
16-bit identifier. The identifier contains the reason, source and 
other coded information relating to the interrupt or trap. 


After saving the current program status, the new processor 
status is automatically loaded from the new program status 
area located in the memory. This area is designated by the 
New Program Status Area Pointer (NPSAP) register. 


Segmented Addressing (Z8001 Only) 


The Z8001 can directly address up to 8MB of memory space, 
using a 23-bit segmented address. The memory space is 
divided up into 128 segments, each up to 64kB in size. The 
upper seven bits of address designate the segment number 
and are available on the SNO-SN6 outputs during a memory 
transaction. See the section on memory transactions for 
details. 


The lower sixteen bits of address designate an offset within 
the segment, relative to the start of the segment, and are 
available on ADO-AD15 during part of the memory transaction. 
See the section on memory transactions for details. 


The segmented address may be stored as a long word in 
memory or in a register pair. The segment number and offset 
can be manipulated separately or together by suitable use of 
the instruction set. 


When the segmented address is contained in code space, a 
short offset format may be adopted. The segmented address 
is stored as one word, seven bits of segment number and 
eight bits of offset. Figure 3 shows the format for segmented 
addresses. 


Addressing Modes 


Information contained in the CPU instructions consists of the 
operation to be performed, the operand type and the location 
of the operands. Operand locations are designated by general 
register addresses, memory addresses or I/O addresses. The 
addressing mode of a given instruction defines the address 
space referenced and the method to compute the operand 
address. Addressing modes are explicitly specified or implied 
in an instruction. Figure 4 illustrates the eight explicit address- 





ing modes: Register (R), Immediate (IM), Indirect Register (IR), 
Direct Address (DA), Indexed (X), Relative Address (RA), Base 
Address (BA) and Base Indexed (BX). 


BYTE ADORESS 


N SEGMENT oooo00g0000 


OFFSET 


SEGMENTED ADDRESS 
IN MEMORY 


00000000 


SEGMENTED ADDRESS 
IN REGISTER PAIR 


OFFSET 


SEGMENT oaooa0og000 


OFFSET 


SEGMENTED ADORESS 
FOLLOWING INSTRUCTION 
IN CODE SPACE 


OR 


8 
SEGMENT 


OFFSET 


DF002220 


Figure 3. Segmented Address Formats 


When an effective segmented address is being computed 
according to the designated addressing mode, the segment 
number is not affected by any carry from the 16-bit offset. 


Non-Segmented Mode on the Z8001 


The 28001 can execute code designed to run on the non- 
segmented Z8002. This is achieved by changing the mode of 
execution of the Z8001 from segmented to non-segmented by 
writing a 0 to the SEG bit in the FCW. (See the section on 
processor status.) The change to non-segmented mode sets 
up a suitable environment for running non-segmented code. 
However, the environment only exists within the code seg- 
ment that caused the change of mode from segmented to 
non-segmented. 


SNO-SN6 will continue to indicate the code segment until a 
reset, interruption or return to segmented mode is encoun- 
tered. 


The effects of the non-segmented mode of operation on the 
28001 are described below: 


a) The Z8001 will interpret instruction length like it was a 
non-segmented Z8002. 


b) The Z8001 will implement address computation in an 
identical manner to the Z8002. 


Other CPU functions, such as interrupt and trap handling, 
reset and stack pointer manipulation, are unaltered. These 
functions are characterized by the type of CPU, not by 
the state of the SEG bit in the FCW. 


Input/Output 


A set of I/O instructions are provided to accomplish byte or 
word transfers between the CPU and I/O devices. I/O devices 
are addressed using 16-bit I/O port addresses, and I/O 
address space is not a part of the memory address space. 
Two types of I/O instructions are provided, each with its own 
16-bit address space. |/O instructions include a comprehen- 
sive set of In, Out and Block transfers. 
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CPU Timing 


The CPU accomplishes instruction execution by stepping 
through a pre-determined sequence of machine cycles, such 
as memory read, memory write, etc. Each machine cycle 
requires between three and ten clock cycles. But Requests by 
DMA devices are granted at machine cycle boundaries. No 
machine cycle is longer than ten clock cycles, thus assuring 
fast response to a Bus Request (assuming no extra wait 
states). The start of a machine cycle is always marked by a 
LOW puise on the AS output. The status output lines STO-ST3 
indicate the nature of the current cycle in a coded form. 


Status Line Codes 


Status line coding was listed in the table shown under Pin 
Description. The following is a detailed description of the 
status codes. 


Internal Operation: 


This status code indicates that the CPU is going through a 
machine cycle for its internal operation. Figure 5 depicts an 
internal operation cycle. It consists of three clock periods 
identified as T1, T2 and T3. The AS output will be activated 
with a LOW pulse by the Z8001 to mark the start of a machine 
cycle. The STO-ST3 will reflect the code for the internal 
operation. The MREQ, DS and R/W outputs will be HIGH. The 
N/S and SNO-SN6 outputs will remain at the same level as in 
the previous machine cycle. The CPU will ignore the WAIT 
input during the internal operation cycle. The CPU will drive 
the ADO-AD15 bus with unspecified information during T1. 
However, the bus will go into high-impedance during T2 and 
remain in that state for the remainder of the cycle. The B/W 
output is also activated by the CPU with unspecified informa- 
tion. 


Memory Refresh: 


This status code indicates that CPU is accessing the memory 
to refresh. The refresh cycle consists of three clock periods as 
depicted in Figure 6. The CPU will activate the AS output with 
a LOW pulse to mark the beginning of a machine cycle, and 
STO-ST3 outputs will reflect the refresh cycle code. The least 
significant 9 lines of the ADO-AD15 bus contain the refresh 
address. Because the memory is word organized, the ADO will 
always be LOW. The most significant 7 bus lines are not 
specified. The DS output will remain HIGH for the entire cycle, 
while R/W, B/W, SNO-SN6 and N/S outputs will remain at the 
same level as in the machine cycte prior to refresh. The ADO- 
AD15 bus will go into high-impedance state during T2 period 
and remain there for the remainder of the cycle. The CPU will 
activate the MREQ output LOW during the refresh cycle. It 
should be noted that WAIT input is ignored by the CPU for 
refresh operations. 


I/O Transactions: 


There are two status line codes used for I/O transaction 
cycles. The CPU provides two separate I/O spaces and two 
types of instructions called Normal |/O and Special I/O. Each 
1/O space is addressed by a 16-bit address called port 
address. The timing for both types of !/O transactions is 
essentially identical. A typical !1/O cycle consists of four clock 
periods T1, T2, TWA and T3 as shown in Figure 7. The TWA is 
the wait state; insertion of one wait state for an I/O cycle is 
always automatic. Additional wait cycles can be inserted by 
LOW on the WAIT input. The WAIT input is sampled during 
every TW state. If this input is LOW, one more wait state will 
be inserted. Insertion of wait states continues until WAIT input 
is HIGH. T3 state will follow the last wait state to complete the 
1/O cycle. 
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Operand Addressing 


In the Instruction 


REGISTER ADORESS 


In a Register 


Register 


Immediate 


REGISTER ADDRESS ADDRESS 


Indirect 
Register 


Direct 
Address 


REGISTER AODRESS me DISPLACEMENT eet 
(+) 


BASE ADDRESS 


PC VALUE 


Relative 
Address 


DISPLACEMENT 


Base 
Address 


DISPLACEMENT 


REGISTER AODRESS BASE ADDRESS 
a Eo 


REGISTER ADDRESS DISPLACEMENT 


REGISTER ADORESS mm BASE ADDRESS ia 
) 


Operand Value 
In Memory 


The content of the register. 


In the instruction 


The content of the location 
whose address is in the regis- 
ter. 


The content of the locations 
whose address is in the instruc- 
tion. 


The content of the location 

whose address is the address 
in the instruction, offset by the 
content of the working register. 


The content of the locations 
whose address is the content 
of the program counter, offset 
by the displacement in the in- 
struction. 


The content of the location 
whose address is the address 
in the register, offset by the 
displacement in the instruction. 


The content of the location 
whose address is the address 
in the register, offset by the 
displacement in the register. 


Figure 4. Addressing Modes 


During I/O cycles the STO-ST3 outputs will reflect the appro- 
priate code depending on the type of instruction being 
executed (Normal I/O or Special I/O). AS output will be pulsed 
LOW to mark the beginning of the cycle. The CPU drives the 
ADO-AD15 bus with the 16-bit port address specified by the 
current instruction. The N/S output will be LOW indicating that 
the CPU is operating in the system mode. It should be recalled 
that the N/S output is derived from the appropriate bit in the 
FCW register. All I/O instructions are privileged instructions 
and will be allowed to execute only if the FCW specifies 
system mode operation. The MREQ output will be HIGH. The 
1/O instructions provide both word or byte transactions. The 
B/W output will be HIGH or LOW depending whether the 
instruction specifies a byte or word transfer. The SNO-SN6 
output will remain at the same level as in the machine cycle 
prior to the I/O cycle. 
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Two kinds of I/O transfers should be considered: Data In 
means reading from the device, and Data Out means writing 
into the device. For In operations, the R/W output will be 
HIGH. The ADO-AD15 bus will go into high-impedance state 
during T2. During byte input instructions, the CPU reads either 
the even or odd half of the Data Bus dependent upon the port 
address. If the port address is even, the most significant half of 
the Data Bus is read. If the port address is odd, the least 
significant half of the Data Bus is read. During word input 
instructions, the CPU reads all 16 bits of the Data Bus. The 
CPU will drive the DS output LOW to signal to the device that 
data can be gated onto the bus. The CPU will accept the data 
during T3, and DS output will go HIGH signaling the end of an 
1/O transaction. 
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Figure 7. Z8001 I/O Cycle 


For Data Out, the R/W output will be LOW. The CPU will Memory Transactions: 
provide data on the ADO-AD15 bus and activate the DS output ; i 
LOW during T2. During byte output instructions, the CPU There are four status line codes that indicate a memory 
duplicates the byte data onto both the high and low halves of transaction: 
the Data Bus, and external logic, using AO, enables the ; : 
appropriate byte port. During word output instructions the CPU a) Memory transaction to read or write an operand; 
outputs data onto all 16 bits of the Data Bus. The DS output b) Memory transaction to read from or write into the 
goes HIGH during T3 and the cycle is complete. stack; 
c) Memory transaction to fetch the first word of an in- 
struction (sometimes called IF1); and 
d) Memory transaction to fetch the subsequent word of 
an instruction (sometimes called IFN). 
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Figure 8. Memory Transactions 


It can be appreciated that all the above transactions essential- 
ly fall into two categories: memory read and memory write. In 
the case of IF1 and IFN cycles, the memory will be read at the 
address supplied by the program counter. All instructions are 
multiples of 16-bit words. Words are always addressed by an 
even address. Thus IF1 and IFN cycles involve performing a 
memory read for words. On the other hand, a memory 
transaction for operand and stack operation could be a read or 
write. Moreover, an operand could be a word or a byte. For 
stack operation involving the implied stack pointer, the ad- 
dress will be in the appropriate stack pointer register (R15, 
R15’, RR14 or RA14’). For operand transactions, the memory 
address will come from several sources depending on the 
instruction and the addressing mode. Memory transaction 
cycle timing is shown in Figure 8. It typically consists of three 
clock periods: T1, T2 and T3. Wait states (TW) can be inserted 
between T2 and T3 by activating the WAIT input LOW. The 
WAIT input will be sampled during T2 and during every 
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subsequent TW. The STO-ST3 outputs will reflect the appropri- 
ate code for the current cycle early in T1, and the AS output 
will be pulsed LOW to mark the beginning of the cycle. The N/ 
S output will indicate whether the normal or system address 
space will be used for the current cycle. As shown in the 
figure, the MREQ output will go LOW during T1 to indicate a 
memory operation. 


The segment number becomes valid on the segment lines one 
clock period before the state of the memory operation and 
remains valid until the state of T3. 


Consider a read operation first. The R/W output will be HIGH. 
The CPU will drive the ADO-AD15 with the appropriate address 
early in T1. During T2, the bus will go into high-impedance 
state, and DS output will be activated LOW by the CPU. The 
data can be gated onto the bus when DS is LOW. During T1 
the B/W will also be activated to indicate which byte or word 
will be transacted. The memory is word organized, and words 
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are addressed by even addresses. However, when addressing 
bytes, the memory address may be odd or even, an even 
address for the most significant byte of a word and the next 
odd address for the least significant byte of that word. When 
reading a byte from the memory, the least significant address 
bit can be ignored and the whole word containing the desired 
byte is gated onto the bus. The CPU will pick the appropriate 
byte automatically and will drive the DS output HIGH indicating 
data acceptance. 


Consider the write operation next. The R/W output will be 
LOW. The CPU removes the address and gates out the data to 
be written on the bus and activates the DS output LOW during 
T2. If the data to be written is a byte, then the same byte will 
be on both halves of the bus. The DS output will go HIGH 
during T3, signifying completion of the cycle. 


Interrupt and Segment Trap Acknowledge: 


There are four status line codes devoted to interrupt and trap 
acknowledgement. These correspond to non-maskable, vec- 


LAST MACHINE 
CYCLE OF ANY DUMMY 
INSTRUCTION 1F1 CYCLE 


me LYWYV VY YY AA A AAA AAA AYA AAAAAL A AALAPAAAY AP 
WAT OP RR 


A! 


Wi. WUE BESTE 


KAAS 
KO) RX 


LAXXX 


\/ 4 VAY YY 
KORY 


SAMPLE 


STO-ST3 


*28001 only 


OY 
QR KY 


W994 


tored and non-vectored interrupts, as well as segment trap. 
The Interrupt Acknowledge cycle is illustrated in Figure 9. The 
NMI input of the 28001 is edge detected; i.e., a HIGH-to-LOW 
input level change is stored in an internal latch. Similar internal 
storage is not provided for the Vi, NVI, and SEGT inputs. For 
Vi and NVI inputs to cause an interruption, the corresponding 
interrupt enable bits in the FCW must be 1. For the following 
discussion, both the NVIE and VIE bits in the FCW are 
assumed to be 1. 


As shown in the figure, the Vi, NVI and SEGT input and the — 
internal NMI latch output are sampled during T3 of the last 
machine cycle of an instruction. 


A LOW on these signals triggers the corresponding interrupt 
acknowledge sequence described below. The CPU executes a 
dummy IF1 cycle prior to entering the actual acknowledge 
cycle (see memory transactions for IF1 cycle description). 


STATUS 


ACKNOWLEDGE 
CYCLE SAVING 


AUTOMATIC WAIT STATES 


TWA TWA TWA TWA TWA 


YS ALAAAAS 
OY 


WY VY ¥ YY XY YY YY YY YY 
RK) KK KEN 


SAME AS PREVIOUS CYCLE 
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Figure 9. Interrupt Acknowledge Cycle 


During this dummy IF1 cycle, the program counter is not 
updated; instead, the implied-system stack pointer (RR14’) will 
be decremented. Following the dummy IF1 cycle is the actual 
interrupt/trap acknowledge cycle. 


The interrupt acknowledge cycle typically consists of 10 clock 
periods: T1 through T5 and five automatic TW (wait states). As 
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usual, the AS output will be pulsed LOW during T1 to mark the 
beginning of a cycle. The STO-ST3 outputs will reflect the 
appropriate interrupt acknowledge code; the MREQ output will 
be HIGH; the N/S output remains the same as in the 
preceding cycle; the R/W output will be HIGH; and the B/W 
output will be LOW. The CPU will drive the ADO-AD15 bus with 





unspecified information during T1, and the bus will go into the 
high-impedance state during T2. Three TWA states will 
automatically follow T2. The WAIT input will be sampled during 
the third TWA state. 


If LOW, an extra TW state will be inserted and the WAIT will be 
sampled again during TW. Such insertion of TW states 
continues until the WAIT input is HIGH. After the last TW state, 
the DS output will go LOW and two more automatic wait states 
(TWA) follow. The interrupting device can gate up to a 16-bit 
identifier onto the bus when the DS output is LOW. The WAIT 
input will be sampled again during the last TWA state. If the 
WAIT input is LOW, one TW state will be inserted, and the 
WAIT will be sampled during TW. Such TW insertion continues 
until the WAIT input is HIGH. After completing the last TW 
state, T3 will be entered, and the DS output will go HIGH. The 
interrupting device should remove the identifier and cease 
driving the bus. T4 and T5 states will follow T3 to complete the 
cycle. Following the interrupt acknowledge cycle will be 
memory transaction cycles to save the status on the stack. 
Note that the N/S output will be automatically LOW during 
status saving. The SNO-SN6 outputs are undefined during the 
acknowledge cycle. 


The internal NMI latch will be reset to the initial state as AS 
going HIGH in the interrupt acknowledge cycle. The Vi, NVI 
and SEGT input should be kept LOW until this time also. 


ANY M CYCLE 


INTERNAL 
BUSRO 


MREQ, OS, 
— SY0-ST3, 
B/W, RW, NIS 


*Z8001 only 


cL 4 
REEL 


ee SAME ¢ saue as previous orci) PREVIOUS eveue 


Status Saving Sequence: 


The machine cycles following the interrupt acknowledge cycle 
push the old status information on the system stack in the 
following order: program counter, the flag and control word, 
and the interrupt/trap identifier. Subsequent machine cycles 
fetch the new program status from the new program status 
area and then branch to the interrupt/service routine. 


Bus Request/Bus Acknowledge Timing: 


A LOW on the BUSRQ input is an indication to the CPU that 
another device (such as DMA) is requesting control of the bus. 
The BUSRQ input is synchronized internally at T1 of any 
machine cycle. (See next paragraph for exception.) The 
BUSAK will go LOW after the last clock period of the machine 
cycle. The LOW on the BUSAK output indicates acknowledge- 
ment. When BUSAK is LOW, the following outputs will go into 
the high-impedance state: ADO-AD15, AS, DS, MREQ, STO- 
ST3, B/W, R/W, SNO-SN6 and N/S. The BUSRQ must be 
held LOW until all transactions are completed. When BUSRQ 
goes HIGH, it is synchronized internally; the BUSAK output will 
go HIGH, and normal CPU operation will resume. Figure 10 
illustrates the BUSRQ/BUSAK timing. 


WF005260 


Figure 10. Bus Request/Acknowledge Cycle 


It was mentioned that BUSRQ will be honored during any 
machine cycle with one exception. This exception is during the 
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execution of TSET/TSETB instructions. BUSRQ will not be 
honored once execution of these instructions has started. 





N 
fos] 
oS 
i=] 
ok 
* 
~ 
N 
o 
oS 
[=] 
Nn 
* 





Z8001°/Z8002° 


Single Stepping 


The STOP input of the CPU facilitates one instruction at a time 
or single step operation. Figure 11 illustrates STOP input 
timing. The STOP input is sampled on the HIGH-to-LOW 
transition of the clock input that immediately precedes an IF 1 
cycle. If the STOP is found LOW, Z8001 introduces a memory 
refresh cycle after T3. Moreover, STOP input will be sampled 
again at T3 in the refresh cycle. If STOP is LOW, one more 
refresh cycle will follow the previous refresh cycle. The STOP 
will be sampled during T3 of the refresh cycle, also. One 
additional refresh cycle will be added every time STOP input is 
sampled LOW. After completing the last refresh cycle which 
will occur after STOP is HIGH, the CPU will insert two dummy 
states, T4 and T5, to complete the IF1 cycle and resume its 
normal operations for executing the instruction. See appropri- 
ate sections on memory transactions and memory refresh. It 
should be noted that refresh cycles will occur even if the 
refresh facility is disabled during single stepping. 


Multimicroprocessor Facilities 


The CPU is provided with hardware and software facilities to 
support multiple microprocessor systems. The “O and ul 
signals of the CPU are used in conjunction with the MBIT, 
MREQ, MRES and MSET instructions for this purpose. The 7O 
output can be activated LOW by using appropriate instruction 
to signal a request from the CPU for a resource. The pi input is 
tested by the CPU before activating the uO output. LOW at the 
pl input indicates that the resource is busy. The CPU can 
examine the ul input after activating the ZO output LOW. The 
Pl will be tested again to see if the requested resource 
became available. 


REFRESH 
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Initialization 


A LOW on the Reset input starts the CPU initialization. The 
initialization sequence is shown in Figure 12. Within five clock 
periods after the HIGH-to-LOW level change of the Reset 
input, the following will occur: 


a) ADO-AD15 bus will be in the high-impedance state. 

b) AS, DS, MREQ, BUSAK and “O outputs will be HIGH. 
c) STO-ST3 outputs will be LOW. 

d) Refresh will be disabled. 


e) R/W, B/W and N/S outputs are not affected. For a 
power-on reset, the state of these outputs is not spec- 
ified. 

f) SNO-SN6 outputs will be LOW. 


After the Reset input returns HIGH and remains HIGH for 
three clock periods, two (three for the Z8001) 16-bit memory 
read operations will be performed as follows. Note that the 
N/S output will be LOW, and STO-ST3 outputs will reflect IFN 
code. 


a) The contents of the memory location 0002 (segment 
0) will be read. This information will be loaded into the 
FCW of the CPU. 

b) The contents of the memory location 0004 (segment 
0) will be read. This information will be loaded into the 
program counter segment number. 

c) (Z8001 only.) The contents of the memory location 
0006 (segment 0) will be read. This information will be 
loaded into the program counter offset. 


This completes initialization sequence, and an IF1 cycle will 
follow to fetch the first instruction to begin program execution. 
See the section on memory transactions for timing. 
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Figure 11. Single Step Timing 
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ARITHMETIC 


Z8001/2 CPU INSTRUCTION SET 


Addr. | Clock 
Operands | Modes | Cyclest Operation 


AOD R 

ADDB IM 

ADDL IR 
DA 


cP 
CPB 
CPL 


CPB 


DEC 
Decrement |OEC8 


DIV 
DIVL 


ING 
INCB 
MULT 
MULTL 


NEG 
NEGB 


SBC 
SBCB 


SUB 
SUBB 


Compare 





R, sre 


Multiply 


=z 
a 
Q 
oo 
= 
eo 


ADC Add with Carry 
ADCB R-A + sre + carry 


Add 
R-R+ sre 


Compare with Register 
R-sre 


Compare with !mmediate 
dst-IM 


Decimal Adjust 


Decrement by n 
dst—dst-n 
{n= 1... 16) 


Divide (signed) 
Word: Ra + 1+Rpy + 1 = src 
Rn-—remainder 
Long Word: Ryn +2,n+3 
Rain + 3+ sre 
Ran +1 
«remainder 


Extend Sign 


Extend sign of fow order half of 
st through high order half of dst 


Increment by n 
dst—_dst+n 


-[(n= 1... 16) 


Multiply (signed) 

Word: Ran + 1-Ry+ 1 @ sre 

Long Word: Rain+3 
—-Rnat+2,+3 esr 

*Plus seven cycles for each 1 

in the multiplicand 


Negate 
dst—0- dst 


Subtract with Carry 
R.R-srce-carry 


Subtract 
R-R-sre 





LOGICAL 


Addr. | Clock 
Operands | Modes | Cyclest 
R 4 


AND 

ANDB 

COM 

COMB 
Complement 

OR 

ORB 





IM 
IR 
DA 
x 


R 


IR 
DA 
x 


R 
IM 
IR 
DA 
x 


R 
IR 
DA 


x 
TCC 
TCCB 


XOR R 
XORB IM 
IR 
DA 
x 


Operation 


AND 
RR AND src 


Complement 
dst.NOT dst 


OA 
RAR OR sre 


TEST 
dst OR 0 


Test Condition Code 
Set LSB if cc is true 


Exclusive OR 
R—R XOR src 


+Clock cycles for byte or word data, non-segmented addresses. Segmented addresses may require 2 to 4 
additional cycles. Some long word data require more cycles. 
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LOAD AND EXCHANGE 


|_| er | ope 

CLA 
CLAB 
EX 

EXB 
LD 

LOB 
LOL 


Clock cycles for byte or word data, non-segmented addresses. Segmented addresses 


Addr. 
Modes 
R 


Clock 
Cyclest Operation 


7 
8 


Clear 
dst-0 


Exchange 
Aesre 


Load into Register 
Resre 


Load into Memory (Store) 
dst—R 


Load !mmediate into Memory 
dst—iM 


Load Address 
R-source address 


Load Address Relative 
R~source address 


Load Constant 
Ren (n=0...15) 


Load Multiple 
R-src (n consecutive words) 
(n= 1...16) 


Load Multiple (Store Multiple) 
dst—R (n consecutive words) 
(n= 1...16) 


Load Relative 
Resre 
(range - 32768... + 32767) 


Load Relative (Store Relative) 
dst-R 
{range - 32768... + 32767) 


dst—IR 
Autoincrement contents of R 


Push 
Autodecrement contents of R 
IR—sre 


BIT MANIPULATION 


oe <aeesen eea 


BIT 
BITB 


BIT dst, R 
BITB 


RES 
RESB 


SET 
SETB 


TSET 
TSETB 


dst, R 


ROTATE AND SHIFT 


Addr. | Clock 
Modes | Cyclest 
R 4 


IR 
DA 
xX 


Operation 


Test Bit Static 
Z flag—NOT dst bit specified 
by b 


Test Bit Dynamic 
Z flag—NOT dst bit specified 
by contents of R 


Reset Bit Static 
Reset dst bit specified by b 


Reset Bit Dynamic 
Reset dst bit specified by 
contents of R 


Set Bit Static 
Set dst bit specified by b 


Set Bit Dynamic 
Set dst bit specified by 
contents of R 


Test and Set 
S flag-MSB of dst 
dst~—all 1s 


Addr. | Clock 
Operand | Modes | Cyclest Operation 


face [ve | R | 0 |rowomun | 
foe [rive [| A _| 9 [Roa oot nen | 


RL Rotate Left 
RLB by n bits (n= 1, 2) 


Rotate RLC 
RLCB 
RR dst, n 
RRB 
RRC 
RRCB 


SDA 
SDAB 
SDAL 


SOL 
SDLB 
SDLL 


SLA 
SLAB 
SLAL 


StL 
SLLB 
SLLL 


SRA 
SRAB 
SRAL 


SRL 
SRLB 
SRLL 


dst, n 


dst, n 


dst, n 


additional cycles. Some long word data require more cycles. 


Rotate Left through Carry 
by n bits (n= 1, 2) 


Rotate Right 


Rotate Right through Carry 
by n bits (n= 1, 2) 


es 
aes 


by n bits (n= 1, 2) 


Shift Dynamic Arithmetic 
Shift dst left or right by 
contents of R 


Shift Dynamic Logical 
Shift dst left or right by 
contents of R 


Shift Left Arithmetic 
by n bits 


Shift Left Logical 
by n bits 


Shift Right Arithmetic 
by n bits 


Shift Right Logical 
by n bits 


may require 2 to 4 
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BLOCK TRANSFER AND STRING MANIPULATION 
(AUTO INCREMENT/DECREMENT AND REPEAT) 


Addr. | Clock 
Operands | Modes | Cyclest Operation 


BLOCK TRANSFER AND STRING MANIPULATION (Cont.) 


Addr. Clock 
Operands | Modes | Cyclest Operation 


Z8001°/Z8002° 


Compare 


CPD Rx, sre, 
CPO8 Ry, cc 


CPDR Rx, sre, 
CPDRB Ry, cc 


Rx, sre, 
Ry, cc 


o°9° 
v2 
foo] 


Qa 
2 
Se] 


[a) 
2 
aD 
ios] 


Cc er ° ie) 
5 ems! 3 89 3 3 
o Ooo on ag o n 
a o 3 of g ie] 


Compare and Decrement 
Ryx- src 

Autodecrement src address 
Ry-Ry-1 


Compare, Decrement 

and Repeat 

Rx - sre 

Autodecrement src address 
Ry-—Ry-1 

Repeat until cc is true 

or Ry =0 


Compare and Increment 
Rx - sre 

Autoincrement src address 
Ry—Ry-1 


Compare, Increment 

and Repeat 

Rx- sre 

Autoincrement sre address 
Ry-—Ry-1 

Repeat until cc is true or 
Ry =0 


Compare String 

and Decrement 

dst - src 

Autodecrement dst and src 
addresses 

ReR-1 


Compare String, Decr. 


and Repeat 

dst- sre 

Autodecrement dst and src 
addresses 

ReR-1 

Repeat until cc is true 

or R=0 


Compare String 

and Increment 

dst— src 

Autoincrement dst and src 
addresses 

R-R-1 


Compare String, incr. 

and Repeat 

dst— src 

Autoincrement dst and sre 
addresses 

R-R-1 

Repeat until cc is true 

or R=0 


Load and Decrement 

dst sre 

Autodecrement dst and sre 
addresses 

R-R-1 


Load, Decrement 

and Repeat 

dst—src 

Autodecrement dst and sre 
addresses 

R-R-1 

Repeat until R = 0 





LDI Load and increment 

LDIB dst. src 
Autoincrement dst and src 
addresses 
R-R-1 


TROB dst, src, 
R 


TRORB dst, src, 
R 
Translate 


- ‘ea 


7 ¥ 
7 a 


TRTDRB 


TRIS sre 1, 
src 2, R 
TRTIRB 


Load LDIR 11+9n 
LDIRB 


ae 


“2 


it 


a 


Load, Increment and Repeat 
dst—srce 

Autoincrement dst and src 
addresses 

ReR-1 

Repeat until R =0 


Translate and Decrement 
dst. sre (dst) 
Autodecrement dst address 
R-R-1 


Translate, Decrement 

and Repeat 

dst. src (dst) 
Autodecrement dst address 
R-R-1 

Repeat until R = 0 


Transtate and Increment 
dst. sre (dst) 
Autoincrement dst address 
R-R-10 


Translate, Increment 
and Repeat 


dst—src (dst) 
Autoincrement dst address 
A-R-1 

Repeat until R =0 


Translate and Test, 
Decrement 
RH1~—sre 2 (sre 1) 
Autodecrement 

src 1 address 
R-R-1 


Translate and Test, 
Decrement and Repeat 
RH1—sre 2 (sre 1) 
Autodecrement 

src 1 address 
A-R-1 

Repeat until R = 0 

or RH1=0 


Translate and Test, 
Increment 

RH1~—sre 2 (sre 1) 
Autoincrement src 1 address 
R-R-1 


Translate and Test, 
Increment and Repeat 
RH1~—src 2 (sre 1) 
Autoincrement src 1 address 
ReR-1 

Repeat until R = 0 

or RH1=0 





tClock cycles for byte or word data, non-segmented addresses. Segmented addresses may require 2 to 4 


additional cycles. Some long word data require more cycles. 
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INPUT/OUTPUT 


Addr. Clock 
Operands | Modes | Cyclest Operation 
IR 
DA 


IND* dst, src, Input and Decrement 
INDB* R dst~ src 
Autodecrement dst address 


11+ 10n }Input, Decrement 
and Repeat 
dst src 
Autodecrement dst address 
R-R-1 
Repeat unti! A =0 


Input and Increment 
dst — sre 
Autoincrement dst address 


and Repeat 

dst src 

Autoincrement dst address 
R-R-1 

Repeat until A =0 


Output and Decrement 

dst —sre 

Autodecrement src address 
R-R-1 


11+ 10n [Output and Decrement 
dst— sre 
Autodecrement src address 
R-R-1 
Repeat until R= 0 


dst, src, Output and Increment 
R dst—sre 

Autoincrement src address 
R-R-1 

OTIR* dst, src, 11+ 10n |Output, Increment 

OTIRB* R and Repeat 
dst— sre 
Autoincrement src address 
RR-1 
Repeat untit R =0 


R, sre DA Special Input 
Resre 


SIND* dst, sre, Special Input 
SINDB* R and Decrement 

dst—src 
Autodecrement dst address 
RR-1 

11 + 10n |Speciat Input, Decr. 
and Repeat 
dst sre 
Autodecrement dst address 
R-R-1 
Repeat until R = 0 

dst, src, Special Input 
R and tncrement 

dst src 
Autoincrement dst address 
RR-1 

11+ 10n |Special Input, Incr. 
and Repeat 
dst—sre 
Autoincrement dst address 
R-R-1 
Repeat until R=0 


different 
status 
code) 





INPUT/OUTPUT (Cont.) 


Addr. | Clock 
Operands | Modes | Cyclest Operation 
SOUT* DA Special Output 
SOUTB* dst—src 


21 Special Output 
and Decrement 
Autodecrement sre address 
R-R-1 
11+ 10n |Special Output, Deer. 
and Repeat 
dst—sre 
Autodecrement src address 
R-R-1 
Repeat untit R = 0 
Special Output 
and Increment 
dst—src 
Autoincrement src address 
R-R-1 
11+ 10n [Special Output, Incr. 
and Repeat 
dst~ src 
Autoincrement sre address 
R-R-1 
Repeat until R =0 
CPU CONTROL 


Addr. | Clock 
Operands | Modes/ Cyclest Operation 
7 Disable Interrupt 
(Any combination of 
NVI, VI) 
7 Enable Interrupt 
(Any combination of 
NVI, VI) 
LDCTL* CTLR, 7 Load into Control Register 
sre CTLR~sre 
LDCTL* dst, 7 Load into Control Register 
CTLR dst CTLR 


LOCTLB dst, 7 Load into Flag 
FLGR Byte Register 
pe a 


FLGR~sre 

Load Program Status 

PS~—sre 
Cae ed 
rear [ast | | 1247 [MuttiMcro Request | 
ress [| - | - | 5 |Mutibtcro Reset | 


ser | - | | 8 |wnero ser —_—| 
oe for [| | 7 No opwaion _—_—_—| 


RESFLG 7 Reset Flag 
7 {Any combination of 
C, Z, S, P/V) 
SETFLG 7 Set Flag 
(Any combination of 
C, 2, S, P/V) 
COMFLG 7 Complement Flag 
(Any combination of 
C, Z, S, P/V) 


*Privileged instructions. Executed in system mode only. 





SOUTI* 
SOUTIB* 


SOTIR* 
SOTIRB* 


Control 
Words 


Test Multi-Micro Bit 
Set S if wl is HIGH; 
reset S if ul is LOW 


+Clock cycles for byte or word data, non-segmented addresses. Segmented addresses may require 2 to 4 
additional cycles. Some long word data require more cycles. 
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PROGRAM CONTROL 


Addr. } Clock 
Modes | Cyclest Operation 


CALL Call Subroutine 
Autodecrement SP 
@ SP—PC 
PC.dst 


Call Relative 
Autodecrement SP 
@SP—PC 

PC.PC + dst 

(range - 4094 to + 4096) 


System Call 
Autodecrement SP 
@ SP—old PS 

Push instruction 
PS.System Call PS 


Decrement and Jump 
if Non-Zero 


IF R=0: PC—PC + ast 
(range -254 to 0) 


Jump Conditional 
If cc Is true: PC. dst 


Jump Conditional Relative 
If cc is true: PC-PC + dst 
(range ~256 to +254) 


Return Conditional 
If cc is true: PC. @SP 
Autodecrement SP 


Interrupt Return 
PS @SP 
Autoincrement SP 


*Privileged instructions. Executed in system mode only. 


tClock cycles for byte or word data, non-segmented addresses. Segmented addresses may require 2 to 4 
additional cycles. Some !ong word data require more cycles. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature -65 to +150°C Commercial (C) Devices 
Voltage at any Pin Temperature (Ta) 
Relative to Vss Supply Voltage (Vcc) 
Power Dissipation 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


Operating ranges define those limits between which the 
functionality of the device is guaranteed. 


4, 6MHz Devices 
DC CHARACTERISTICS over operating range unless otherwise specified 


[Parameters [Description [Test Gonaltions [win | wax | Unite _| 
[Ver | Clock input Low Vottage | Driven by External Cock Generator | -09 | 048 | Vols 
vin | put High Votage dT SSCS | Veo | Vo 


Vin. NMI, ; 
lo 


t [ouput High Votage | tow==2500A_——SSSCSC~—S ee CdCl 
; [Input Leakage Except SEGT Pin | 04<Vy<+aav——SCS—~dSSCSCSSCSiSC On 
i on SEGT__| Input Leakago on SEGT in [_——SSSSSSCSCSCSC~SCSCSCS 000 —~«Y 
Mion Output Leakage ———~—S«d Von <PoavSSCSC~dSSSCSC~iSC Pn 
Pico TF Vee Supnty Curent | Commerc 200 


8MHz Devices 
DC CHARACTERISTICS over operating range unless otherwise specified 


Parameters | Description | Test Conaitions [wim [wax | Unto | 
Vor Glock input Low Vottage | Driven by External Cock Generator [| _-03 | __ 045 | Vols _| 
Vin | Input High Votago [SSCS | Vogt | Vos | 


NMI, 


i input Low Vallage ee 
Output High Voltage lon = -250pA ) 2406 [ts 
Output Low Voltage lot = + 2.0mA nan ea 
Input Leakage Except SEGT Pin 0.4<Vin<+2.4V ee ee 
rs 


= 
Ba 
z 


Vit 
VOH 
VoL Volts 
loc Commercial 


pA 
BA 
HA 

A 


m. 





See section 6 for Thermal Characteristics Information. 
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Standard Test Conditions 


The characteristics below apply for the following test conditions, unless otherwise noted. All voltages are referenced to 
GND. Positive current flows into the referenced pin. Standard conditions are as follows: 


SWITCHING TEST CIRCUIT 


FROM OUTPUT 
UNDER TEST 


TC001702 


SWITCHING TEST WAVEFORMS 
Input/Output 


2.4 V (NMI PIN ONLY) 
2.0V 20V 
SZ TESTPOINTS SS 
ZS 0.8V “™ 
0.8V 


AC testing outputs are driven at 2.0 V for a logical 1 and 0.5 V for a logical 0. The clock is driven at Vcc 
-0.4 V and 0.45 V. Timing measurements are made at 2.0 V for a logical 1 and 0.5 V for a logical 0. 


LS003010 


AC Clock Input AC Input (Except Clock) 


3.5V 9.5V 


1. : 
at me 





WF024270 WF024280 
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SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified 
Parameters Description 
TcC 
TIC 
TrC 


1930 
1930 


TwCh Clock Width (HIGH) 1895 70 


TwCl Clock Width (LOW) 

4 [tm 

TdC(SNv) Clock t to Segment Number Valid (SOpF Load) 

TdC(SNn) Clock t to Segment Number Not Valid 20 
TdC(Bz) Clock t to Bus Float 


TdC(A) Clock t to Address Valid 
TdC(Az) Clock t to Address Float 


1 }TcC | Clock Cycle Time 2000 165 


70 


Clock Fall Time 


2 


_s 


Clock Rise Time 


6 
7 


NN 
a 


47 


oa 
So 
n 


TdA(DR)* Address Valid to Read Data Required Valid 
TsDI(C) Data In to Clock | Set-up Time 


1 


45 


= 
= 
Oo 


TdDS(A)* DS 1 to Address Active 
TdC(DW) Clock + to Write Data Valid 


~“ 
oa 


1 


Frao0(bs7— [ata Out Vaid to DS Day i] 
Address Valid to MREQ 1 Delay | 55 | 
Pract) [occ to WREG 1 beay 
19 MREG Width (HIGH) i, 5102 | 
MREQ | to Address Not Active 
Frawn(ory [REG + io Road Data Roquted vai | | 
Clock | to MREG 1 Delay i= ne tl 
Fracwsy [Goo 1 to AS 1 Oey i 
Fransyr —[Adireas Vald fo AS 1 Doay 
Clock 4 to AS t Delay aaa 
FraaS(GR)* [AS 1 to Read Data Rewured Vaid 
Prwasr [AS wah (WOW) SSSi a 
7S 

| 0 

Ds | 80 | 

os = ll 

| 180 

a 


1 


t 
t 
1 
13 
4 
6 
17 





ian | 
Oo 


a 


3 
3 


a 


2 


2 


2 


TdAS(A)* AS t to Address Not Active Delay 
TdAz(DSR) Address Float to DS (Read) 1 Delay 


z 


TdDSI(DR)* DS (Input) | to Read Data Required Valid 


370 
A 
TdAS(DSR)* | AS t to DS (Read) : Delay 
70 


3 


1 
7 
9 
34 
7 
38 


1 


= 
fo) 
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SWITCHING CHARACTERISTICS over operating range unless otherwise specified 
4MHz Devices 6MHz Devices 
Parameters Description 


oS 
a 
a 


RESET to Clock 1 Hold Time 


~ 
oO 


~I 
o 


| 


MI 140 
I, 
TsSGT(C) SEGT to Clock t Set-up Time 70 
ThSGT(C) SEGT to Clock t Hold Time 
I 
P 


42 

43 

44 

46 

47 

48 

52 

55t 
56t 
57 


TsMI(C) Mi to Clock + Set-up Time 
ThMIK{C) Mi to Clock + Hold Time 


_ 


40 


[62 [Tawi | WAT 10 Gook 1 Setup Time ———SSCSC~S~S 
[ca [Tawii@ [WAIT 0 Glock Hold me ——SCSC~—~sdC 
BUSRG to Clock 1 Set-up Time 
[65 | taAaiey | BUSAG 0 Clock r Hold Time —SSCSC~C*t id 
[66 [Tacreakny [Glock + to BUSAR1 Dow SSSC~‘iSCSC~*d 
| 68 ~=|TwA _| Address Valid Width 

DS 1 to STATUS Not Valid 


*Clock-cycle-time-dependent characteristics. These numbers are computed assuming the clock characteristics are at the limits given in parameters 1 
through 5. For other clock frequencies, these parameters can be derived from other specs and the clock characteristics. See tables on following 
pages. 












“N 
o 


—_ 
3° 
3 
N 
oa 
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SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified (Cont'd.) 


8MHz Devices 


Number Parameters Description 
T Clock Cycle Time 


cC 
| 2s TwCh Clock Width (HIGH) 
Clock Width (LOW) 


Clock Fail Time 


Clock Rise Time 


=_ 
Oo 


TdC(SNv) Clock + to Segment Number Valid (S0pF Load) 


Clock t to Segment Number Not Valid 
Clock ¢ to Bus Float 

Clock t to Address Valid 

Clock ¢ to Address Float 

Address Valid to Read Data Required Valid 
Data In to Clock | Set-up Time 

DS 1 to Address Active 

Clock 1 to Write Data Valid 

Data In to DS t Hold Time 

Data Out Valid to DS t Delay 150 
|Tac(MR) 


6t 
vt 


> 
o 


Address Valid to MREQ | Delay 
TdC(MR) Clock | to MREQ | Delay 

MREQ Width (HIGH) 

MREO | to Address Not Active 

Data Out Valid to DS 1 (Write) Delay 
MRE | to Read Data Required Valid 
Clock | to MREQ 1 Delay 

Clock t to AS | Delay 

Address Valid to AS t Delay 

Clock 1 to AS t Delay 

AS 1 to Read Data Required Valid 
}TdDS(AS)* | DS t to AS 1 Delay 

AS Width (LOW) 

AS + to Address Not Active Delay 
Address Float to DS (Read) | Delay 

AS 1 to DS (Read) 1 Delay 

DS (Read) | to Read Data Required Valid 
Clock : to DS t Delay 

DS 1 to Write Data and STATUS Not Valid 
Address Valid to DS (Read) | Delay 
Clock 1 to DS (Read) 1 Delay 

DS (Read) Width (LOW) 

Clock 1 to DS (Write) 1 Delay 

DS (Write) Width (LOW) 

DS (Input) 1 to Read Data Required Valid 
Clock 4 to BS (I/O) 1 Delay 

DS (1/0) Width (LOW) 

4 AS 1 to DS (Acknowledge) : Delay 

45 Clock t to DS (Acknowledge) | Delay 


TZ8001A-8 only. 


14 
17 
19 


75 


~— 


7 


wo 
oa 
°o 


ao 
o 


~“ 
°o 


0 
135 


4 
7 
8 
1 
2 
3 
7 
8 
1 
2 
3 


2 
2 
2 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
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SWITCHING CHARACTERISTICS (Cont'd.) 


pe hae Description 


DS (Acknowledge) | to Read Data Required Delay 
Clock 1 to Status Valid Delay 
| 48 Tus(asy* Status Valid to AS + Delay 
49 RESET to Clock t Set-up Time 
RESET to Clock 1 Hold Time 
MI Width (LOW) 
MI to Clock t Set-up Time 
LNV1, to Clock t Set-up Time 
EGT to Clock 1 Hold Time 
| to Clock 1 Set-up Time 
Mi to Clock 1 Hold Time 
Clock t to MO Delay 
STOP to Clock | Set-up Time 
STOP to Clock 1 Hold Time 
WAIT to Clock | Set-up Time 
WAIT to Clock | Hold Time 
BUSRQ to Clock 1+ Set-up Time 
BUSRO to Clock t Hold Time 
a Sel eel oo ea 
[eo [reosig [65 status Navas 


*Clock-cycle-time-dependent characteristics. These numbers are computed assuming the clock characteristics are at the limits given in parameters 1 
through 5. For other clock frequencies, three parameters can be derived from other specs and the clock characteristics. See following table. 


8MHz Devices 


~“ 


N N 


Z| 


Zz 


54 
55t 
56t 
57 
64 


<I S| 


: 


S| 


~“ 
a 


+Z8001A-8 only. 





5-38 


CLOCK-CYCLE-TIME-DEPENDENT CHARACTERISTICS 


The parameters listed below are also shown in the switching specification. However, they are dependent on the actual values of the 
clock periods. The equations below define that dependence, so the correct limit for these parameters may be determined for any 
system, regardless of the actual clock characteristics. 


| No. | Parameters | 4MHz Devices | 6MHz Devices | ——@MHz 
[a1 | Tav(OR) | aTeG-+ TwOH—126ne | 2Tc0 + Twon-05ne | aToO + Twon— cone | 
P19 [rapsiey | twoi=2sns | TWwOl=a0ns =i; TwCi-tens_——| 
P46 [ Ta00108) [Tec + Twn =60ne | TeC+TwOn=a0ns | TeC-+ Twoh—aore | 
[39 [twain | TeC=aons ‘| Teo a0ns —~i TeC-20me 
P20 | rawreay | Twor=asns | Twor=asne | TwCi-20n8_——* 
[21 | Ta0010si) | Twon-s0ne | Twon=asne | Tw0n=25ne__—_—| 
p22 | tawaron) | atec=125ne | 2Te105ne | aTe0=7éns———d 
[25 [Tanyas | Tw0n=S0ns | Twh=a5ne | Tw0n=25n——*s 
[20 | raosiasy___| Twoi=asns | Twolmans | Tw0I=20m = 
f—29 [Twas | TwCn=20ne__| TwGn=16ne | TwCn—tOne__—_—| 
P90 | raastay | Twci=asne | TwGl=40ns | Tw0i-25ns___—| 
[a2 | Taas(OSR) | Tw0l=25ne | TwOl=asns_____| Tw0i=2ns_——*d 
33 [ TaDsrV(OA) | TeO+Twon=ts0ns | Teo+ TwOh=105ne | TeC+TwOh—65ne | 
P25] raps(owy | Twoi=a0ns | TwOlmasns =i TwCi=tens_——— 
fae [twosk Te Twoh= Bone | TeC+ TwOh= Sons | TeC + TwoR=40ne | 
pa0_[twosw | Te0-Gsne ‘| Teo=55ne ———~d;CTeC— ane 
p44 | Tans(OSA) | aTeG+ Twon=aOne | 4TeO—TwCl—atne | ToC + Twolm ane | 


N 
oe 
i=] 
o 
= 
* 
~ 
N 
fo] 
o 
=] 
NO 
* 


TdS(AS) TwCh - 55ns TwCh - 40ns TwCh - 30ns 
p68 [twa | ‘ToC 00ns ToC - Tons 
| 69 ~~] TdDS(S) TwCl - 25ns TwCl - 15ns TwCl = 10ns 
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SNO-SN6 


ADDRESS 


A00-A015 DATA IN 


DATA OUT 


MEMORY READ 


MEMORY WRITE 


INPUT/OUTPUT 


INTERRUPT 
ACKNOWLEDGE 


S$TO-ST3, 


Z8001 TIMING DIAGRAM 


Timing Measurements are made at the 
following voltages. 


HIGH | LOW 


Clock 4.0V 0.8V 
Output 2.0V 0.8V 
Input 2.0V 0.8V 
Float (AV) +0.5V +0,5V 


THe 
aS ae atk 

ron [ete tT | 
eT tet Pet? | 4 





WF005290 


This composite timing diagram does not show actual timing sequences. Refer to this diagram only for the detailed timing relationships of 
individual edges. Use the preceding illustrations as an explanation of the various timing sequences. 
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28002 TIMING DIAGRAM 


Timing Measurements are made at the 
following voltages. 


HIGH LOW 


Clock 4.0V 0.8V 
Output 2.0V. 0.8V 
Input 2.0V 0.8V 
Float (AV) +0.5V +0.5V 


ADORESS 


A00-AD1S DATA IN 


VJ 
—— 


OATA OUT 


eee 
OE nav dew = 


MEMORY READ 


MEMORY WRITE 


me eee 
fi. ff N 


INPUT/OUTPUT 


INTERRUPT 
ACKNOWLEDGE 


y——F 


Lf 
V, 


STO-ST3, 
READ/WRITE, 
NORMAL/SYSTEM, 
BYTEWORD 


\/ 


WFO005300 


This composite timing diagram does not show actual timing sequences. Refer to this diagram only for the detailed timing relationships of 
individual edges. Use the preceding illustrations as an explanation of the various timing sequences. 





5-41 


.2008Z/,-008Z 





Z8030/Z8530(H) 


Z8030/Z8530(H) 


Serial Communications Controller 


DISTINCTIVE CHARACTERISTICS 


Two 0 to 2 Mbps full duplex serial channels 
Each channel has independent oscillator, baud-rate 
generator, and PLL for clock recovery, dramatically 
reducing external components. 

Programmable protocols 

NRZ, NRZI, and FM data encoding supported under 
program control. 

Programmable Asynchronous Modes 

5- to 8-bit characters with programmable stop bits, 
clock, break detect, and error conditions. 

Z8000* compatible 

The Z8030 interfaces directly with the Z8000 CPU 
bus and to the Z8000 interrupt structure. 


@ Programmable Synchronous Modes 
SDLC and HDLC and SDLC loop supported with 
frame control, zero insertion and deletion, abort, 
and residue handling. CRC-16 and CCITT genera- 
tors and checkers. 
Compatible with non-multiplexed bus 
The Z8530(H) interfaces easily to most other CPUs. 
Enhanced Version 
The Z8530(H) is an enhanced version whose fea- 
tures include 8-MHz operation and an improved Val- 
id Access Recovery Time (tac) specification. 


GENERAL DESCRIPTION 


The SCC Serial Communications Controller is a dual- 
channel, multi-protocol data communications peripheral 
designed for use with 8- and 16-bit microprocessors. The 
SCC functions as a serial-to-parallel, parallel-to-serial con- 
verter/controller. The SCC can be software-configured to 
satisfy a wide variety of serial communications applications. 
The device contains a variety of new, sophisticated internal 
functions, including on-chip baud rate generators, digital 
phase-locked loops, and crystal oscillators, which dramati- 
cally reduce the need for external logic. 


The SCC handles asynchronous formats, synchronous 
byte-oriented protocols, such as IBM Bisync, and synchro- 
nous bit-oriented protocols, such as HDLC and IBM SDLC. 


This versatile device supports virtually any serial data 
transfer application (cassette, diskette, tape drivers, etc.). 


The device can generate and check CRC codes in any 
synchronous mode and can be programmed to check data 
integrity in various modes. The SCC also has facilities for 
modem controls in both channels. In applications where 
these controls are not needed, the modem controls can be 
used for general-purpose 1/0. 


The SCC is offered in two versions. The Z8030 is directly 
compatible with the Z8000 and 8086 CPUs. The Z8530(H) 
is designed for non-multiplexed buses and is easily inter- 
faced with most other CPUs, such as 8080, Z80, 6800, 
68000, and MULTIBUS.* 


BLOCK DIAGRAM 


INTERNAL 


INTERRUPT 
CONTROL 


LINES 


* Z8000, Z8030 and 28530 are trademarks of Zilog, Inc. 
TMULTIBUS is a trademark of Intel, Corp. 


BAUO RATE 
GENERATOR 
A 


\ SERIAL DATA 


\ CHANNEL CLOCKS 


SYR 
WAITIREQUEST 


CHANNEL A 
REGISTERS 


DISCRETE 
CONTROL 


MODEM OMA OR 
& STATUS OTHER CONTROLS. 
A 


OISCRETE 

CONTROL MODEM OMA OR 

&@ STATUS OTHER CONTROLS 
8 


CHANNEL B 
REGISTERS 
} SERIAL DATA 


CHANNEL B | CHANNEL CLOCKS 


BAUO RATE 


GENERATOR SRTTRECUESY ef 
8 


BD003520 


Figure 1. 


Publication # Rev. Amendment 
00970 E /0 
Issue Date: August 1987 





RELATED AMD PRODUCTS 


[PartNo «| ——~S~«Ceseription Ci 
Am79C12 Full Duplex 1200 bps Modem 
Am7960 Coded Data Transceiver 


80186 Highly Integrated 16-Bit 
Microprocessor 
80286 High-Performance 16-Bit 
Microprocessor 
8080A 8-Bit Microprocessor 
Am9517A DMA Controller 


N 
os] 
Oo 
(o>) 
(=) 
~ 
N 
foe] 
a 
(e) 
[=] 
~~ 
< 
— 


CONNECTION DIAGRAMS 
Top View 
DIPs 


oN MOO fF WD = 


Z8530(H) 
scc 


CD005350 CD005361 


Note: Pin 1 is marked for orientation. 


28530(H) 
scc 





18 19 20 21 22 24 25 26 27 
ico 
BEE 


CD010931 
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Z8030/Z8530(H) 


LOGIC SYMBOL 


SERIAL 


OATA DATA 


Dg 
Ds 


Da 


CHANNEL 
CLOCKS 


CHANNEL 


LOCKS 
ADORESS/ os 


DATA BUS 


DATA BUS 


SERIAL D, 
03 
CHANNEL D2 CHANNEL 
CONTROLS D, DTRIREQA CONTROLS 
FOR MODEM, 3 pam FOR MODEM 
DMA, OR Po DMA, OR 
OTHER Ro CTSA OTHER 
—— 28530(H) ——— 
WR 'scc 
Ais 
(3 
dic 
INT 
{ INTACK | 


1e1 


TIMING 
AND RESET 


TIMING 
AND RESET 
SERIAL 
DATA 


SERIAL 


CONTROL OATA CONTROL 


CHANNEL 


CHANNEL CLOCKS 


CLOCKS 


My ERRUEE INTERRUPT Sune 
CONTROLS 
FOR MODEM, 
DMA, OR 
OTHER 


CHANNEL 
CONTROLS 1EO 
FOR MODEM, 

DMA, OR 

OTHER 


; 
| 
| 





+5V GND PCLK 


LS001300 LS001312 


+5V GND PCLK 


Summary of Difference Between Z8530 and Z8530H 


oe ee ee 


symbol Min | ex | min, S|, 
a 
meciror pts 
ee 


ie | 4 MHz | 
Tda (DR) 


- eae 6 TcPC + 200 ns 
tc ote 
6 TcPC + 130 ns 


Notes: 1. Z8530 is measured from Rising Edge to Falling Edge: 
Z8530H is measured from Falling Edge to Falling Edge. 


*The Z8530H is available in an 8-MHz version; the Z8530 is not. 
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ORDERING INFORMATION 


Commodity Products 


AMD commodity products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: a. Device Number 

b. Speed Option (if applicable) 

c. Package Type 

d. Temperature Range 

e. Optional Processing 


Z8530(H) A D xe 


N 
fos] 
So 
ia) 
So 
~ 
N 
(2) 
oa 
ia) 
o 
~ 
< 
— 


B 
eee OPTIONAL PROCESSING 


Blank = Standard processing 
B = Burn-in 


d. TEMPERATURE RANGE* 
C =Commercial (0 to + 70°C) 


c. PACKAGE TYPE 
P = 40-Pin Plastic DIP (PD 040) 
D = 40-Pin Ceramic DIP (CD 040) 
J = 44-Pin Plastic Leaded Chip Carrier (PL 044) 


b. SPEED OPTION 


Z8030/Z8530: 
Blank = 4 MHz 
A=6 MHz 
Z8530H: 
-4=4 MHz 
-~6=6 MHz 
-8=8 MHz 
a. DEVICE NUMBER/DESCRIPTION 
28030/Z8530(H) 
Serial Communications Controllers 
Valid Combinations Valid Combinations 


} zeo3x0as volume for this device. Consult the local AMD sales office to 
|_290808 confirm availability of specific valid combinations, to check on 
newly released combinations, and to obtain additional data on 
AMD's standard military grade products. 


78030 : Bho ‘ : . F 
| zso30 PC, DC, DCB Valid Combinations list configurations planned to be supported in 


Z8530A 

28530H-4 PC, DC, DCB, JC 
Z8530H-6 

28530H-8 


*This device is also available in Military temperature range. See 
MOS Microprocessors and Peripherals Military Handbook (Order 
#09275A/0) for electrical performance characteristics. 
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Z8030/Z8530(H) 


Z8030 PIN DESCRIPTION 


|_Pinno. | Name | vo _| Desorption 


ps [Moc | LS Power Supply. 
NE sh OND a NOUN a re 


40, 1, 39, 2, ADo-AD7 VO Address/Data Bus (bidirectional, active High, 3-state). These multiplexed lines carry register addresses to 
38, 3, 37, 4 the SCC as well as data or control information to and from the SCC. 

(3 AS Address Strobe (active Low). Addresses on ADpo-AD7 are latched by the rising edge of this signal. 
Chip Select 0 (active Low). This signal is latched concurrently with the addresses on ADp-AD7 and must be 
active for the intended bus transaction to occur. 

Chip Select 1 (active High). This second select signal must also be active before the intended bus 
transaction can occur. CS; must remain active throughout the transaction. 

Clear to Send (active Low). If these pins are programmed as Auto Enables, a LOW on these inputs enables 
their respective transmitter. If not programmed as Auto Enables, they may be used as general-purpose 
inputs. Both inputs are Schmitt-trigger buffered to accommodate slow rise-time inputs. The SCC detects 


pulses on these inputs and can interrupt the CPU on both logic level transitions. 


19, 21 DER. Data Carrier Detect (active Low). These pins function as receiver enables if they are programmed for Auto 
DCoB Enables; otherwise, they may be used as general-purpose input pins. Both pins are Schmitt-trigger buffered 
to accommodate slow rise-time signals. The SCC detects pulses on these pins and can interrupt the CPU on 

both logic level transitions. 


he ee Strobe (active Low). This signal provides timing for the transfer of data into and out of the SCC. If AS 
ae DS coincide, this is interpreted as a reset. 


16, 24 Drn/PEGA Data Terminal Ready/Request (active Low). These outputs follow the state programmed into the DTR bit. 
DTR/REQB They can also be used as general-purpose outputs or as Request Lines for a DMA controller. 
7 Interrupt Enable In (active High). IEl is used with IEO to form an interrupt daisy chain when there is more than 
one interrupt-driven device. A High IEI indicates that no other higher priority device has an interrupt under 
service or is requesting an interrupt. 


Interrupt Enable Out (active High). IEO is HIGH only if IEI is HIGH and the CPU is not servicing a SCC 
interrupt or the SCC is not requesting an interrupt (interrupt acknowledge cycle only). IEO is connected to the 
next lower priority device's |El input and thus inhibits interrupts from lower priority devices. 


ae | eee Interrupt Request (open-drain, active Low). This signal is activated when the SCC requests an interrupt. 
INTACK Interrupt Acknowledge (active Low). This signal indicates an active interrupt acknowledge cycle. During this 
cycle, the SCC interrupt daisy chain settles. When DS becomes active, the SCC places an interrupt vector on 
the data bus (if IEI is High). INTACK is latched by the rising edge of AS. 
PCLK Clock. This is the master SCC clock used to synchronize internal signals. PCLK is not required to have any 
phase relationship with the master system clock, although the frequency of this clock must be at ce 90% 
of the CPU clock frequency for a Z8000. PCLK is a TTL level signal. Maximum transmit rate is /4 PCLK. 
foes ed 27 oe 8 oe ae: Data (active High). These input signals receive serial data at standard TTL levels. 
pee | ieee 
BIXCA Pe eae Clocks (active Low). These pins can be programmed in several different modes of 
ATxCB operation. In each channe!, RTxC may supply the receive clock, the transmit clock, the clock for the baud- 
rate generator, or the clock of the digital phase-locked loop. These pins can also be programmed for use 
with the respective SYNC pins as a crysta! oscillator. The receive clock may be 1, 16, 32, or 64 times the 
data rate in asynchronous modes. 
17, 23 RISA, Request to Send (active Low). When the Request to Send RTS bit in Write Register 5 is set, the RTS signal 
ATS goes LOW. When the RTS bit is reset in the asynchronous mode and Auto Enable is on, the signal goes 
HIGH after the transmitter is empty. In synchronous mode or in asynchronous mode with Auto Enable off, the 
RTS pins strictly follow the state of the RTS bit. Both pins can be used as general-purpose outputs. 


134 (OT RY Read/Write. This signal specifies whether the operation to be performed is read or a write. 


SYNCA, Synchronization (active Low). These pins can act either as inputs, outputs, or part of the crystal oscillator 

SYNCB circuit. In the Asynchronous Receive mode (crystal oscillator option not selected), these pins are inputs 
similar to CTS and DCD. In this mode, transitions on these lines affect the state of the Synchronous/Hunt 
status bits in Read Register 0 but have no other function. 
In External Synchronization mode with the crystal oscillator not selected, these lines also act as inputs. In 
this mode, SYNC must be driven LOW two receive clock cycles after the last bit in the synchronous 
character is received. Character assembly begins on the rising edge of the receive clock immediately 
preceding the activation of SYNC. 
In the Internal Synchronization mode (Monosync and Bisync) with the crystal oscillator not selected, these 
pins act as outputs and are active only during the part of the receive clock cycle in which synchronous 
characters are recognized. The synchronous condition is not latched, so these outputs are active each time 
a synchronous pattern is recognized (regardless of character boundaries). In SDLC mode, these pins act as 
outputs and are valid on receipt of a flag. 


15, 25 ee eee Transmit Data (active High). These output signals transmit serial data at standard TTL levels. 
TxDB 


14, 26 TRxCA Transmit/Receive Clocks (active Low). These pins can be programmed in several different modes of 
TRxCB operation. TRxC may supply the receive clock or the transmit clock in the input mode or supply the output of 
the digital phase-locked loop, the crystal oscillator, the baud rate generator, or the transmit clock in the 

output mode. 


| ° Jira tie (open-drain when programmed for a Wait function, driven HIGH or LOW when programmed 
aa: a Request function). These dual-purpose outputs may be programmed as Request lines for a DMA 
controller or as Wait lines to synchronize the CPU to the SCC data rate. The reset state is Wait. 
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Z8530(H) PIN DESCRIPTION 


Pin No.* | Name | vo | Description 
9 


Vcc —s| = +5 Power Supply. 
31 reno [iGo OCOCOCOOCOCCCSCSC“(N’SNNNNNNN.WN_*Y 
34 ABUT Channel A/Channel B Select. This signal selects the channel in which the read or write operation occurs. 


33 } ot | Chip Enable (active Low). This signal selects the SCC for a read or write operation. 
a Clear To Send (active Low). If these pins are programmed as Auto Enables, a LOW on the inputs enables the 


> 


d 
4 
> 
Q 
4 
ise) 


respective transmitters. If not programmed as Auto Enables, they may be used as general-purpose inputs. 
Both inputs are Schmitt-trigger buffered to accommodate slow rise-time inputs. The SCC detects pulses on 
these inputs and can interrupt the CPU on both logic level transitions. 


D/C Data/Control Select. This signal defines the type of information transferred to or from the SCC. A HIGH 


means data is transferred; a LOW indicates a command. 


a Data Carrier Detect (active Low). These pins function as receiver enables if they are programmed for Auto 


19, 21 
Enables; otherwise, they may be used as general-purpose input pins. Both pins are Schmitt-trigger buffered 
to accommodate slow rise-time signals. The SCC detects pulses on these pins and can interrupt the CPU on 
both logic level transitions. 


40, 1, 39, 2, | VO Data Bus (3-state). These lines carry data and commands to and from the SCC. 

38, 3, 37, 4 

16, 24 DTR/REOA, Data Terminal Ready/Request (active Low). These outputs follow the state programmed into the DTR bit. 
REQB They can also be used as general-purpose outputs or as Request lines for a DMA controller. 


DTR 
Interrupt Enable In (active High). IE! is used with IEO to form an interrupt daisy chain when there is more than 
one interrupt-driven device. A High IEI indicates that no other higher priority device has an interrupt under 
service or is requesting an interrupt. 


aa Interrupt Enable Out (active High). IEO is HIGH only if IEI is HIGH and the CPU is not servicing an SCC 


0 
Ss 

Oo 
N 


~™N 


interrupt or the SCC is not requesting an interrupt (Interrupt Acknowledge cycle only). IEO is connected to 
the next lower priority device's IEI input and thus inhibits interrupts from lower priority devices. 


(s [WT [| o | Interrupt Request (open-drain, active Low). This signal is activated when the SCC requests an interrupt. 


INTACK Interrupt Acknowledge (active Low). This signal indicates an active Interrupt Acknowledge cycle. During this 
cycle, the SCC interrupt daisy chain settles. When RD becomes active, the SCC places an interrupt vector on 


: 
Pa 
Q 
ie) 
o 








the data bus (if IEI is HIGH). INTACK is latched by the rising edge of PCLK. 


|} 2s PCLK 2 Clock. This is the master SCC clock used to synchronize internal signals; PCLK is a TTL level signal. 
RD 


Read (active Low). This signal indicates a read operation and, when the SCC is selected, enables the SCC's 





























In the Internal Synchronizaton mode (Monosyne and Bisync) with the crystal oscillator not selected, these 
pins act as outputs and are active only during the part of the receive clock cycle in which synchronous 


operation. In each channel, RTxC may supply the receive clock, the transmit clock, the clock for the baud 
17, 23 RTSA, RTSB Request To Send (active Low). When the Request to Send (RTS) bit in Write Register 5 is set, the RTS 

signal goes LOW. When the RTS bit is reset in the asynchronous mode and Auto Enable is on, the signal 

goes HIGH after the transmitter is empty. In synchronous mode or in asynchronous mode with Auto Enable 

off, the RTS pin strictly follows the state of the RTS bit. Both pins can be used as general-purpose outputs. 

status bits in Read Register 0 but have no other function. 

preceding the activation of SYNC. 

characters are recognized. The synchronous condition is not latched, so these outputs are active each time 

a synchronization pattern is recognized (regardless of character boundaries). In SDLC mode, these pins act 


bus drivers. During the Interrupt Acknowledge cycle, this signal gates the interrupt vector onto the bus if the 

SCC is the highest priority device requesting an interrupt. 

rate generator, or the clock for the Digital Phase-Locked Loop. These pins can also be programmed for use 
SYNCA, Synchronization (active Low). These pins can act either as inputs, outputs, or part of the crystal oscillator 
SYNCB 

In External Synchronization mode with the crystal oscillator not selected, these lines also act as inputs. In 

YNC 
as outputs and are valid on receipt of a flag. 


13, 27 RxDA, RxDB | 1 ‘| Receive Data (active High). These input signals receive serial data at standard TTL levels. 
with the respective SYNC pins as a crystal oscillator. The receive clock may be 1, 16, 32, or 64 times the 
circuit. In the Asynchronous Receive mode (crystal! oscillator option not selected), these pins are inputs 
this mode, S must be driven LOW two receive clock cycles after the last bit in the synchronous 
45,25 TxDA, TxDB PO 4 Transmit Data (active High). These output signals transmit serial data at standard TTL levels. 


RTxCA, Receive/Transmit Clocks (active Low). These pins can be programmed in several different modes of 
RTxCB 
data rate in asynchronous modes. 
similar to CTS and BCD. In this mode, transitions on these lines affect the state of the Synchronous/Hunt 
character is received. Character assembly begins on the rising edge of the receive clock immediately 
14, 26 TRxCA, | or O | Transmit/Receive Clocks (active Low). These pins can be programmed in several different modes of 
TRxCB operation. TRxC may supply the receive clock or the transmit clock in the input mode or supply the output of 
the Digital Phase-Locked Loop, the crystal oscillator, the baud rate generator, or the transmit clock in the 








output mode. 


35 WR Write (active Low). When the SCC is selected, this signal indicates a write operation. The coincidence of RD 
and WR is interpreted as a reset. 





W/REQA, Wait/Request (open-drain when programmed for a Wait function, driven HIGH or LOW when programmed 
W/REQB for a Request function). These dual-purpose outputs may be programmed as Request lines for a DMA 
controller or as Wait lines to synchronize the CPU to the SCC data rate. The reset state is Wait. 


*Pin numbers correspond to DiPs only. 
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ARCHITECTURE 


The SCC internal structure includes two full-duplex channels, 
two baud rate generators, internal control and interrupt logic, 
and a bus interface to the Z8000 CPU (Z8030) or to a non- 
multiplexed CPU bus (Z8530(H)). Associated with each chan- 
nel are a number of read and write registers for mode control 
and status information, as well as logic necessary to interface 
with modems or other external devices (Figure 1). 


The logic for both channels provides formats, synchronization, 
and validation for data transferred to and from the channel 
interface. The modem control inputs are monitored by the 
control logic under program control. All of the modem control 
signals are general-purpose in nature and can optionally be 
used for functions other than modem control. 


The register set for each channel includes ten control (write) 
registers, two synchronous character (write) registers, and four 
status (read) registers. In addition, each baud rate generator 
has two (read/write) registers for holding the time constant 
that determines the baud rate. Finally, associated with the 
interrupt logic is a write register for the interrupt vector 
accessible through either channel, a write-only Master Inter- 
rupt Control register and three read registers: one containing 
the vector with status information (Channel B only), one 
containing the vector without status (A only), and one contain- 
ing the Interrupt Pending bits (A only). 


The registers for each channel are designated as follows: 


WRO -WR15 - Write Registers 0 through 15. 
RRO-RR3, RR10, RR12, RR13, RR15-Read Registers 0 
through 3, 10, 12, 13, 15. 


The following table lists the functions assigned to each read or 
write register. The SCC contains only one WR2 and WR9, but 
they can be accessed by either channel. All other registers are 
paired (one for each channel). 


Data Path 


The transmit and receive data path illustrated in Figure 2 is 
identical for both channels. The receiver has three 8-bit buffer 
registers in a FIFO arrangement, in addition to the 8-bit receive 
shift register. This scheme creates additional time for the CPU 
to service an interrupt at the beginning of a block of high- 
speed data. Incoming data is routed through one of several 
paths (data or CRC) depending on the selected mode (the 
character length in asynchronous modes also determines the 
data path). 


The transmitter has an 8-bit transmit data buffer register 
loaded from the internal data bus and a 20-bit transmit shift 
register that can be loaded either from the sync-character 
registers or from the transmit data register. Depending on the 
operational mode, outgoing data is routed through one of four 
main paths before it is transmitted from the Transmit Data 
output (TxD). 


TABLE 1. READ AND WRITE REGISTER FUNCTIONS 


READ REGISTER FUNCTIONS 
RRO Transmit/Receive buffer status and External status 
RR1 Special Receive Condition status 


RR2 Modified interrupt vector 
(Channel B only) 
Unmodified interrupt vector 
(Channel A only) 


RR3 Interrupt Pending bits 
(Channel A only) 


RR8 Receive buffer 

RR10 Miscellaneous status 

RR12 Lower byte of baud rate generator time constant 
RR13 Upper byte of baud rate generator time constant 
RR15 External/Status interrupt information 
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WRITE REGISTER FUNCTIONS 


WRO CRC initialize, initialization commands for the various 
modes, shift right/shift left command 


WR1 Transmit/Receive interrupt and data transfer mode 
definition 


WR2 interrupt vector (accessed through either channel) 
WR3 Receive parameters and control 


WR4 Transmit/Receive miscellaneous parameters and 
modes 


WRS5 Transmit parameters and controls 
WR6 Sync characters or SDLC address field 
WR7 Sync character or SDLC flag 

WR8 Transmit buffer 


WR9 Master interrupt control and reset (accessed through 
either channel) 


WR10 Miscellaneous transmitter/receiver control bits 
WR11 Clock mode contro! 

WR12 Lower byte of baud rate generator time constant 
WR13 Upper byte of baud rate generator time constant 
WR14 Miscellaneous control bits 

WR15 External/Status interrupt control 
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Figure 2. Data Path 
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DETAILED DESCRIPTION 


The functional capabilities of the SCC can be described from 
two different points of view: as a data communications device, 
it transmits and receives data in a wide variety of data 
communications protocols; as a microprocessor peripheral, it 
interacts with the CPU and provides vectored interrupts and 
handshaking signals. 


Data Communications Capabilities 


The SCC provides two independent full-duplex channels 
programmable for use in any common asynchronous or 
synchronous data-communication protocol. Figure 3 and the 
following description briefly detail these protocols. 


Asynchronous Modes 


Transmission and reception can be accomplished indepen- 
dently on each channel with five to eight bits per character, 
plus optional even or odd parity. The transmitters can supply 
one, one-and-a-half or two stop bits per character and can 
provide a break output at any time. The receiver break- 
detection logic interrupts the CPU both at the start and at the 
end of a received break. Reception is protected from spikes by 
a transient spike-rejection mechanism that checks the signal 
one-half a bit time after a Low level is detected on the receive 
data input (RxDA or RxDB in the Z8530(H) Logic Symbol). If 
the LOW does not persist (as in the case of a transient), the 
character assembly process does not start. 


PARITY 


START tas 


Framing errors and overrun errors are detected and buffered 
together with the partial character on which they occur. 
Vectored interrupts allow fast servicing or error conditions 
using dedicated routines. Furthermore, a built-in checking 
process avoids the interpretation of framing error as a new 
start bit: a framing error results in the addition of one-half a bit 
time to the point at which the search for the next start bit 
begins. 


The SCC does not require symmetric transmit and receive 
clock signals -—a feature allowing use of the wide variety of 
clock sources. The transmitter and receiver can handle data at 
a rate of 1, 1/16, 1/32, or 1/64 of the clock rate supplied to 
the receive and transmit clock inputs. In asynchronous modes, 
the SYNC pin may be programmed as an input used for 
functions, such as monitoring a ring indicator. 


Synchronous Modes 


The SCC supports both byte-oriented and bit-oriented syn- 
chronous communication. Synchronous byte-oriented proto- 
cols can be handled in several modes, allowing character 
synchronization with a 6-bit or 8-bit synchronous character 
(Monosync), any 12-bit synchronous pattern (Bisync), or with 
an external synchronous signal. Leading synchronous charac- 
ters can be removed without interrupting the CPU. 


5- or 7-bit synchronous characters are detected with 8- or 16- 
bit patterns in the SCC by overlapping the larger pattern 
across multiple incoming synchronous characters as shown in 
Figure 4. 


MARKING LINE | [ome 7] i : | [ oxra T] A ' | [ eT] i TT MARKING LINE 


ASYNCHRONOUS . 


MONOSYNC 


SrSnat BISYNC 


{ 


EXTERNAL SYNC 


FLAG AODRESS 


INFORMATION 


SDLC/HDLC/X.25 


_ DF002650 


Figure 3. SCC Protocols 
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Figure 4. Detecting 5- or 7-Bit Synchronous Characters 
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CRC checking for Synchronous byte-oriented modes is de- 
layed by one character time so that the CPU may disable CRC 
checking on specific characters. This permits the implementa- 
tion of protocols, such as IBM Bisync. 


Both CRC-16 (x'6 + x15 + x2 +14) and CCITT (x18 + x12 4 
x5 + 1) error checking polynomials are supported. Either 
polynomial may be selected in all synchronous modes. Users 
may preset the CRC generator and checker to all 1s or all Os. 
The SCC also provides a feature that automatically transmits 
CRC data when no other data is available for transmission. 
This allows for high-speed transmissions under DMA control 
with no need for CPU intervention at the end of a message. 
When there is no data or CRC to send in synchronous modes, 
the transmitter inserts 6-, 8-, or 16-bit synchronous characters, 
regardless of the programmed character length. 


The SCC supports synchronous bit-oriented protocols, such 
as SDLC and HDLC, by performing automatic flag sending, 
zero insertion, and CRC generation. A special command can 
be used to abort a frame in transmission. At the end of a 
message, the SCC automatically transmits the CRC and 
trailing flag when the transmitter underruns. The transmitter 
may also be programmed to send an idle line consisting of 
continuous flag characters or a steady marking condition. 


If a transmit underrun occurs in the middle of a message, an 
external/status interrupt warns the CPU of this status change 
so that an abort may be issued. The SCC may also be 
programmed to send an abort itself in case of an underrun, 
relieving the CPU of this task. One to eight bits per character 
can be sent allowing reception of a message with no prior 
information about the character structure in the information 
field of a frame. 


The receiver automatically acquires synchronization on the 
leading flag of a frame in SDLC or HDLC and provides a 
synchronization signal on the SYNC pin (an interrupt can also 
be programmed). The receiver can be programmed to search 
for frames addressed by a single byte (or four bits within a 
byte) of a user-selected address or to a global broadcast 
address. In this mode, frames not matching either the user- 
selected or broadcast address are ignored. The number of 
address bytes can be extended under software control. For 
receiving data, an interrupt on the first received character, or 
an interrupt on every character, or on special condition only 
(end-of-frame) can be selected. The receiver automatically 
deletes all Os inserted by the transmitter during character 
assembly. CRC is also calculated and is automatically 
checked to validate frame transmission. At the end of trans- 
mission, the status of a received frame is available in the 
status registers. In SDLC mode, the SCC must be pro- 
grammed to use the SDLC CRC polynomial, but the generator 
and checker may be preset to all 1s or all Os. The CRC is 
inverted before transmission and the receiver checks against 
the bit pattern 0001110100001111. 


NRZ, NAZI or FM coding may be used in any 1X mode. The 
parity options available in asynchronous modes are available 
in synchronous modes. 


The SCC can be conveniently used under DMA control to 
provide high-speed reception or transmission. In reception, for 
example, the SCC can interrupt the CPU when the first 
character of a message is received. The CPU then enables the 
DMA to transfer the message to memory. The SCC then 
issues an end-of-frame interrupt and the CPU can check the 
status of the received message. Thus, the CPU is freed for 
other service while the message is being received. The CPU 
may also enable the DMA first and have the SCC interrupt only 


on end-of-frame. This procedure allows all data to be trans- 
ferred via the DMA. 


SDLC LOOP MODE 


The SCC supports SDLC Loop mode in addition to normal 
SDLC. In an SDLC Loop, there is a primary controller station 


- that manages the message traffic flow and any number of 


secondary stations. In SDLC Loop mode, the SCC performs 
the functions of a secondary station while an SCC operating in 
regular SDLC mode can act as a controller (Figure 5). 


CONTROLLER 
SECONDARY #1 SECONDARY #2 


SECONDARY #3 SECONDARY #4 


PF001240 
Figure 5. An SDLC Loop 


A secondary station in an SDLC Loop is always listening to the 
messages being sent around the loop and, in fact, must pass 
these messages to the rest of the loop by retransmitting them 
with a one-bit-time delay. The secondary station can place its 
own message on the loop only at specific times. The controller 
signals that secondary stations may transmit messages by 
sending a special character, called an EOP (End of Poll), 
around the loop. The EOP character is the bit pattern 
11111110. Because of zero insertion during messages, this bit 
pattern is unique and easily recognized. 





When a secondary station has a message to transmit and 
recognizes an EOP on the line, it changes the last binary one 
of the EOP to a zero before transmission. This has the effect 
of turning the EOP into a flag sequence. The secondary 
station now places its message on the loop and terminates the 
message with an EOP. Any secondary stations further down 
the loop with messages to transmit can then append their 
messages to the message of the first secondary station by the 
same process. Any secondary stations without messages to 
send merely echo the incoming messages and are prohibited 
from placing messages on the loop (except upon recognizing 
an EOP). 


SDLC Loop mode is a programmable option in the SCC. NRZ, 
NRZI, and FM coding may all be used in SDLC Loop mode. 


Baud Rate Generator 


Each channel in the SCC contains a programmable baud rate 
generator. Each generator consists of two 8-bit time constant 


_ registers that form a 16-bit time constant, a 16-bit down 
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counter, and a flip-flop on the output producing a square wave. 
On start-up, the flip-flop on the output is set in a High state; the 
value in the time constant register is loaded into the counter, 
and the counter starts counting down. The output of the baud 
rate generator toggles upon reaching zero; the value in the 
time constant register is loaded into the counter; and the 
process is repeated. The time constant may be changed at 
any time, but the new value does not take effect until the next 
load of the counter. 
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The output of the baud rate generator may be used as either 
the transmit clock, the receive clock, or both. It can also drive 
the digital phase-locked loop (see next section). 


If the receive clock or transmit clock is not programmed to 
come from the TRxC pin, the output of the baud rate generator 
may be echoed out via the TRxC pin. 


The following formula relates the time constant to the baud 
rate. (The baud rate is in bits/second and the BR clock period 
is in seconds.) 

1 


baud rate = ————________—___—_—_ 
2 (time constant + 2)x (BR clock period) 


Time-Constant Values 
for Standard Baud Rates at BR Clock 
= 3.9936MHz 


Rate Time Constant 
(Baud) (decimal notation) 


0.0007% 
0.0015% 





Digital Phase-Locked Loop 


The SCC contains a digital phase-locked loop (DPLL) to 
recover clock information from a data stream with NRZI or FM 
encoding. The DPLL is driven by a clock that is nominally 32 


FM, 
(BIPHASE MARK) 


FM 
(BIPHASE SPACE) 


(NRZI) or 16 (FM) times the data rate. The DPLL uses this 
clock, along with the data stream, to construct a clock for the 
data. This clock may then be used as the SCC receive clock, 
the transmit clock, or both. 


For NRZI encoding, the DPLL counts the 32X clock to create 
nominal bit times. As the 32X clock is counted, the DPLL is 
searching the incoming data stream for edges (either 1/0 or 
0/1). Whenever an edge is detected, the DPLL makes a count 
adjustment (during the next counting cycle), producing a 
terminal count closer to the center of the bit cell. 


For FM encoding, the DPLL still counts from 0 to 31, but witha 
cycle corresponding to two bit times. When the DPLL is 
locked, the clock edges in the data stream should occur 
between counts 15 and 16 and between counts 31 and 0. The 
DPLL looks for edges only during a time centered on the 15/ 
16 counting transition. 


The 32X clock for the DPLL can be programmed to come from 
either the RTxC input or the output of the baud rate generator. 
The DPLL output may be programmed to be echoed out of the 
SCC via the TRxC pin (if this pin is not being used as an input). 


Data Encoding 


The SCC may be programmed to encode and decode the 
serial data in four different ways (Figure 6). In NRZ encoding, a 
1 is represented by a High level, and a 0 is represented by a 
Low level. In NRZI encoding, a 1 is represented by no change 
in level, and a 0 is represented by a change in level. In FM, 
(more properly, bi-phase mark), a transition occurs at the 
beginning of every bit cell. A 1 is represented by an additional 
transition at the center of the bit cell, and a 0 is represented by 
no additional transition at the center of the bit cell. In FM (bi- 
phase space), a transition occurs at the beginning of every bit 
cell. A 0 is represented by an additional transition at the center 
of the bit cell, and a 1 is represented by no additional transition 
at the center of the bit cell. In addition to these four methods, 
the SCC can be used to decode Manchester (bi-phase level) 
data by using the DPLL in the FM mode and programming the 
receiver for NRZ data. Manchester encoding always produces 
a transition at the center of the bit cell. If the transition is 0/1, 
the bit is a 0. If the transition is 1/0, the bit is a 1. 


BIT CELL LEVEL: 


HIGH = 1 
LOW = 0 


NO CHANGE = 1 
CHANGE = 0 


BIT CENTER TRANSITION: 
TRANSITION = 1 
NO TRANSITION = 0 


NO TRANSITION = 1 
TRANSITION = 0 


HIGH ~~ LOW =1 
LOW — HIGH = 0 


WF005880 


Figure 6. Data Encoding Methods 
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Auto Echo and Local Loopback 





The SCC is capable of automatically echoing everything it 
receives, This feature is useful mainly in asynchronous modes 
but works in synchronous and SDLC modes as well. In Auto 
Echo mode, TxD is RxD. Auto Echo mode can be used with 
NAZI or FM encoding with no additional delay, because the 
data stream is not decoded before retransmission. In Auto 
Echo mode, the CTS input is ignored as a transmitter enable 
(although transitions on this input can still cause interrupts if 
programmed to do so). In this mode, the transmitter is actually 
bypassed, and the programmer is responsible for disabling 
transmitter interrupts and WAIT/REQUEST on transmit. 





The SCC is also capable of local loopback. In this mode, TxD 
is RxD just as in Auto Echo mode. However, in Local 
Loopback mode, the internal transmit data is tied to the 
internal receive data, and RxD is ignored (except to be echoed 
out via TxD). The CTS and DCD inputs are also ignored as 
transmit and receive enables. However, transitions on these 
inputs can still cause interrupts. Local Loopback works in 
asynchronous, synchronous and SDLC modes with NRZ, 
NR2i or FM coding of the data stream. 


I/O Interface Capabilities 


The SCC offers the choice of Polling, Interrupt (vectored or 
nonvectored), and Block Transfer modes to transfer data, 
status, and control information to and from the CPU. The 
Block Transfer mode can be implemented under CPU or DMA 
control. 


Polling 


All interrupts are disabled. Three status registers in the SCC 
are automatically updated whenever any function is per- 
formed. For example, end-of-frame in SDLC mode sets a bit in 
one of these status registers. The idea behind polling is for the 
CPU to periodically read a status register until the register 
contents indicate the need for data to be transferred. Only one 
register needs to be read; depending on its contents, the CPU 
either writes data, reads data, or continues. Two bits in the 
register indicate the need for data transfer. An alternative is a 
poll of the Interrupt Pending register to determine the source 
of an interrupt. The status for both channels resides in one 
register. 


Interrupts 


When a SCC responds to an Interrupt Acknowledge signal 
(INTACK) from the CPU, an interrupt vector may be placed on 
the data bus. This vector is written in WR2 and may be read in 
RR2A or RR2B (Figures 8 and 9). 
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1E1 ADg—AD7 INT INTACK IEO 


Figure 7. Z-Bus Interrupt Schedule 





To speed interrupt response time, the SCC can modify three 
bits in this vector to indicate status. If the vector is read in 
Channel A, status is never included; if it is read in Channel B, 
status is always included. 


Each of the six sources of interrupts in the SCC (Transmit, 
Receive and External/Status interrupts in both channels) has 
three bits associated with the interrupt source: Interrupt 
Pending (IP), Interrupt Under Service (IUS), and Interrupt 
Enable (IE). Operation of the IE bit is straightforward. If the IE 
bit is set for a given interrupt source, then that source can 
request interrupts. The exception is when the MIE (Master 
Interrupt Enable) bit in WR9 is reset and no interrupts may be 
requested. The IE bits are write-only. 


The other two bits are related to the Z-Bus interrupt priority 
chain (Figure 7). As a Z-Bus peripheral, the SCC may request 
an interrupt only when no higher priority device is requesting 
one; e.g., when IEI is HIGH. If the device in question requests 
an interrupt, it pulls down INT. The CPU then responds with 
INTACK, and the interrupting device places the vector on the 
A/D bus. 


In the SCC, the IP bit signals a need for interrupt servicing. 
When an IP bit is 1 and the IEI input is HIGH, the INT output is 
pulled LOW, requesting an interrupt. In the SCC, if the IE bit is 
not set by enabling interrupts, then the !P for that source can 
never be set. The IP bits are readable in RR3A. 





The IUS bits signal that an interrupt request is being serviced. 
If an IUS is set, all interrupt sources of lower priority in the SCC 
and external to the SCC are prevented from requesting 
interrupts. The internal interrupt sources are inhibited by the 
state of the internal daisy chain, while lower priority devices 
are inhibited by the EO output of the SCC being pulled LOW 
and propagated to subsequent peripherals. An IUS bit is set 
during an Interrupt Acknowledge cycle if there are no higher 
priority devices requesting interrupts. 


There are three types of interrupts: Transmit, Receive and 
External/Status. Each interrupt type is enabled under program 
control with Channel A having higher priority than Channel B, 
and with Receive, Transmit and External/Status interrupts 
prioritized in that order within each channel. When the 
Transmit interrupt is enabled, the CPU is interrupted when the 
transmit buffer becomes empty. (This implies that the transmit- 
ter must have had a data character written into it so that it can 
become empty.) When enabled, the Receive can interrupt the 
CPU in one of three ways: 
© Interrupt on First Receive Character or Special Receive 
condition. 
@ Interrupt on all Receive Characters or Special Receive 
condition. 
© Interrupt on Special Receive condition only. 
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Interrupt on First Character or Special Condition and Interrupt 
on Special Condition Only are typically used with the Block 
Transfer mode. A Special Receive Condition is one of the 
following: receiver overrun, framing error in asynchronous 
mode, End-of-Frame in SDLC mode, and optionally, a parity 
error. The Special Receive Condition interrupt is different from 
an ordinary receive character available interrupt only in the 
status placed in the vector during the Interrupt Acknowledge 
cycle. In Interrupt on First Receive Character, an interrupt can 
occur from Special Receive conditions any time after the first 
receive character interrupt. 


The main function of the External/Status interrupt is to monitor 
the signal transitions of the CTS, DCD, and SYNC pins; 
however, an External/Status interrupt is also caused by a 
Transmit Underrun condition, a zero count in the baud rate 
generator, the detection of a Break (asynchronous mode), 
Abort (SDLC mode) or EOP (SDLC Loop mode) sequence in 
the data stream. The interrupt caused by the Abort or EOP has 
a special feature allowing the SCC to interrupt when the Abort 
or EOP sequence is detected or terminated. This feature 
facilitates the proper termination of the current message, 


PROGRAMMING INFORMATION 


Each channel has fifteen Write registers that are individually 
programmed from the system bus to configure the functional 
personality of each channel. Each channel also has eight 
Read registers from which the system can read Status, Baud 
rate, or Interrupt information. 


The Z8030 and Z8530(H) differ in the way the system 
accesses these registers: 


In the Z8030 all registers are directly addressable from the 
multiplexed Address Data bus. See Figure 10 and Figure 11 
for timing. The Z8030 can operate in either of two modes: 
when bit 0 in Write Register 0 is reset (or after initialization with 
a hardware reset), Address lines AD; through ADs select the 
register to be read from or written into during Data Strobe DS. 
(This is called left shift and is the natural Z8000 mode.) When 
bit 0 in Write Register 0 is set, Address lines ADg through AD4 
select the register to be read from or written into. (This is 
called right shift and is more natural for interfacing with other 
microprocessors.) 


Table 2 describes the register addressing for both modes. 


Channel A/Channel! B selection is made either by ADo or 
by ADs. 


If Bit Do in WRO is reset (or after hardware reset): 
ADs selects the channel (0 =B, 1 =A) 
(this is called ''Select Shift Left Mode'’). 


If Bits Do and Dy in WRO are set: 
ADo selects the channel! (0 =B, 1 =A) 
(this is called "Select Shift Right Mode). 


In the Z8530(H) only the four data registers (Read and Write 
for Channels A and 8B) are directly selected by a HIGH on the 
D/C input and the appropriate levels on the RD, WR and A/B 
pins. All other registers are addressed indirectly by the content 
of Write Register 0 in conjunction with a LOW on the D/C input 
and the appropriate levels on the RD, WR and A/B pins. If bit 
D3 in WRO is 1 and bits 5 and 6 are O, then bits 0, 1, 2 address 
the higher registers 8 through 15. If bits 4, 5, 6 contain a 
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correct initialization of the next message, and the accurate 
timing of the Abort condition in external logic in SDLC mode. In 
SDLC Loop mode, this feature allows secondary stations to 
recognize the wishes of the primary station to regain control of 
the loop during a poll sequence. 


CPU/DMA Block Transfer 


The SCC provides a Block Transfer mode to accommodate 
CPU block transfer functions and DMA controllers. The Block 
Transfer mode uses the WAIT/Request output in conjunction 
with the Wait/Request bits in WR1. The WAIT/REQUEST 
output can be defined under software control as a WAIT line in 
the CPU Block Transfer mode or as a REQUEST line in the 
DMA Block Transfer mode. 


To a DMA controller, the SCC REQUEST output indicates that 
the SCC is ready to transfer data to or from memory. To the 
CPU, the WAIT line indicates that the SCC is not ready to 
transfer data, thereby requesting that the CPU extend the I/O 
cycle. The DTR/REQUEST line allows full-duplex operation 
under DMA control. 


different code, bits 0, 1, 2 address the lower registers 0 
through 7 as shown in Table 3. 


TABLE 2. REGISTER ADDRESSING (Z8030 ONLY) 


Write Read 
Register | Register 
0 0 0 0 0 0 
1 


a te ete et eV VB OO OCOCOOCOC CO 


0 
0 
0 
1 
1 
1 
1 
0 
0 
0 
0 
1 
1 
1 
1 


eae CFO] 0 024424002420 
=“-O-j-0+=02+0240 +0+0-— 





Writing to or reading from any register except RRO, WRO and 
the Data Registers thus involves two operations: 


First, write the appropriate code into WRO, then follow this by 
a write or read operation on the register thus specified. Bits 0 
through 4 in WW0 are automatically cleared after this opera- 
tion, so that WWO then points to WRO or RRO again. 


Channel A/Channel B selection is made by the A/B input 
(HIGH = A, LOW = B) 


In both Z8030 and Z8530(H), the system program first issues 
a series of commands to initialize the basic mode of operation. 
This is followed by other commands to qualify conditions 
within the selected mode. For example, the asynchronous 
mode, character length, clock rate, number of stop bits, even 
or odd parity might be set first. Then the interrupt mode would 
be set and, finally, receiver or transmitter enable. 





TABLE 3. REGISTER ADDRESSING (Z8530(H) ONLY) 


D/C "Point High" 
Code In WR0O: 


Either way 
Not true 
Not true 
Not true 
Not true 
Not true 
Not true 
Not true 
Not true 
True 
True 
True 
True 
True 
True 
True 
True 


|=4 4329000024440 000x 


Read Registers 


The SCC contains eight read registers (actually nine, counting 
the receive buffer (RR8) in each channel). Four of these may 
be read to obtain status information (RRO, RR1, RR10, and 
RR15). Two registers (RR12 and RR13) may be read to learn 
the baud rate generator time constant. RR2 contains either 
the unmodified interrupt vector (Channel A) or the vector 


Read Register 0 


jo [Jos Jos Jo Joe fo || 


Rx Character Available 
Zero Count 
Tx Buffer Empty 
DcD 
Sync/Hunt 
cTs 
Tx Underrun/EOM 
Break/Abort 
DF002670 


Read Register 1 


jo [me Jos Jos Jo J | | 


All Sent 

Residue Code 2 

Residue Code 1 

Residue Code 0 

Parity Error 

Rx Overrun Error 

CRC/Framing Error 

End of Frame (SDLC) 
DFo02690 


Data Data 


Do Di Write Read 
In WRO: Register Register 
0 0 


-=—-0O07-00-=2=00=2-00X 
—~O-O3-0O-0-0-0~0-0X% 


modified by status information (Channel B). RR3 contains the 
Interrupt Pending (IP) bits (Channel A). Figure 8 shows the 
formats for each read register. 


The status bits of RRO and RR1 are carefully grouped to 
simplify status monitoring; e.g., when the interrupt vector 
indicates a Special Receive Condition interrupt, all the appro- 
priate error bits can be read from a single register (RR1). 


Read Register 2 


[o> [o» [os [os fos fm [os { o | 


Interrupt Vector* 


*Modified tn B Channel 


DF002680 


Read Register 3 


jo [os Joe fo [os oe fos | oe 


Channel B EXT/STAT tP* 
Channel B Tx IP* 
Channel B Rx IP* 
Channel A EXT/STAT IP* 
Channel A Tx IP* 
Channel A Rx IP* 

0 

() 


*Always 0 in B Channel 


DF002700 


Figure 8. Read Register Bit Functions 
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Read Register 10 Read Register 13 


jorfrfosfofofefatea} je [oe Jo |» fos [me Jos | 0 


TCs 
TCg 
0 TC10 


0 1Si4 Upper Byte of 
Loop Sending TC42 { Time Constant 


r) C13 
Two Clocks Missing TC14 
One Clock Missing TC15 


DF002710 DF002720 


Read Register 12 Read Register 15 


jor |r Js Joe J ms Joe | | 0 jm [ee Js Joe Jo Joe [om | 


0 
Zero Count IE 
0 
Lower Byte of DCD IE 
Time Constant Synch/Hunt lE 
CTS IE 
Tx Underrun/EOM IE 
Break/Abort l& 
DF002730 DENnerey 


Figure 8. Read Register Bit Functions (Cont.) 


Write Registers ty" of the channels. In addition, there are two registers (WR2 
and WR39) shared by the two channels that may be accessed 
The SCC contains 15 write registers (16 counting WR8, the through either of them. WR2 contains the interrupt vector for 
transmit buffer) in each channel. These write registers are both channels, while WR9 contains the interrupt contro! bits. 
programmed separately to configure the functional ''personali- Figure 9 shows the format of each write register. 


Write Register 0 (Z8030) Write Register 0 (Z8530(H)) 


| 0 | 1 | Reset Rx CRC Checker 
1 4] 0 | Reset Tx CRC Generator 
puja] Reset Tx Underrun/EOM Latch an Reset Rx CRC Checker 


Reset Tx CRC Generator 


“Channel B only _ Reset Tx Underrun/EOM Latch 


DF002750 DF002760 


Figure 9. Write Register Bit Functions 
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Write Register 1 


Ext Int Enable 
Tx int Enable 
Parity is Special Condition 


[ o | 0 | Axint Disable 


fa | Rx Int on First Character or Special Condition 
| 1] 0 | Int on All Rx Characters or Special Condition 


f+] 4 | Rx Int on Special Condition Only 


Wait'OMA Request on Receive/Transmit 
Wait/DMA Request Function 
Wait/DMA Request Enable 

DF002770 


Write Register 2 


interrupt Vector 


DF002780 


Write Register 3 


Rx Enable 

Sync Character Load Inhibit 
Address Search Mode (SDLC) 
Rx CRC Enable 

Enter Hunt Mode 

Auto Enables 


| o | o | Rx5Bits/Character 
| o | 1 | Rx 7 Bits/Character 


Rx 6 Bits/Character 


| 1 [| 
ay Rx 8 Bits/Character 


DF002790 


Write Register 6 


Write Register 4 


Parity Enable 
Parity Even/Odd 


[oo] Sync Modes Enable 

| o] 1] 1 Stop Bit/Character 

| 1 | 0 | 1% Stop Bits/Character 
[1 [1 | 2 Stop Bits/Character 


jo] o | 8-Bit Syne Character 

}o} 4 | 16-Bit Syne Character _ 

[ 0 | 1 | SOLC Mode (01111110 Flag) 
[1 [1 | External Sync Mode 


[1 | x16 Clock Mode 
| 1 fo] 


X32 Ciock Mode 


[1 [1 | x64 Clock Mode 


DF002811 


Write Register 5 


Tx CRC Enable 
RTS 
SDLC/CRC-16 
Tx Enable 
Send Break 


[o]o] Tx 5 Bits (or less)/Character 
| o | 1 | 1x7 Bits/Character 


| 0 | Tx 6 Bits/Character 


pat | 
| 1 | 1 | Tx8Bits/Character 


OTR 
DF002820 


jo [re Joe fom [o> [m2 Jos | oe 


SYNCg SYNC; SYNC, 
SYNCg SYNC; SYNC, 
SYNCg SYNCs; SYNC, 
SYNC. SYNC; SYNCy 
ADR, ADRs; = ADR, 
ADR, AOR; ADR, 


Monosync 8 Bits 

Monosync 8 Bits 

Bisync 16 Bits 

Bisync 12 Bits 

SDLC 

SDLC (Address 0) 
DF002801 


Figure 9. Write Register Bit Functions (Cont.) 
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Write Register 7 


SYNC, 

SYNC; 

SYNC, SYNC,, SYNC43 

SYNC,, SYNC,g SYNC 
0 1 1 


SYNC, 
SYNC, 


SYNC, 
SYNC, 


Write Register 9 


NV 
OLC 

MIE 

Status High/Status Low 
0 


[1 | Channel Reset B 
11] o | Channel Reset A 
pata | Force Hardware Reset 


DF002840 


Write Register 


6 Bit/8 Bit Sync 

Loop Mode 

Abort/Flag on Underrun 
Mark/Flag Idle 

Go Active on Roll 


FM1 (Transition = 1) 


Lt | 0 | 
EER FMO (Transition = 0) 


CRC Preset 0 
DF002860 


SYNC, 
SYNC 1 1 
SYNCio 
SYNC, 


1 


SYNC, SYNCg Monosync 8 Bits 
Monosync 8 Bits 
Bisync 16 Bits 
Bisync 12 Bits 


SDLC 


SYNCg = SYNCg 
SYNC, SYNC, 
1 0 


DF002831 
Write Register 11 


fo] o| Transmit Clock = RTxC Pin 
| o | 1 | Transmit Clock = TAxC Pin 


[1] 0] Transmit Clock = BR Generator Output 
Transmit Clock = DPLL Output 


| 0 | 0 | Receive Clock = ATxC Pin 
| 0 | 1 | Receive Clock = TRXC Pin 


| + | 0 | Receive Clock = BR Generator Output 
La [4 | Receive Clock = DPLL Output 


RTXxC XTAL/No XTAL 
DF002850 


Write Register 12 


for [me fos Joe fm foe ff o 


Lower Byte of 
Time Constant 


DF002870 


Figure 9. Write Register Bit Functions (Cont.) 
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Write Register 13 


Write Register 14 


BR Generator Enable 
BR Generator Source 
OTR/Request Function 
Auto Echo 

Local Loopback 


DF002890 


Upper Byte of 
Time Constant 


DF002880 


Write Register 15 


[o>] Jos [oo [os fo fo fm) 
0 


Zero Count IE 

0 

DCDIE 

Sync/Hunt IE 

CTS IE 

Tx Underrun/EOM IE 
Break/Abortl& 


DF002900 


Figure 9. Write Register Bit Functions (Cont.) 


28030 Timing 


The SCC generates internal contro! signals from AS and DS 
that are related to PCLK. Since PCLK has no phase relation- 
ship with AS and DS, the circuitry generating these internal 
control signals must provide time for metastable conditions to 
disappear. This gives rise to a recovery time related to PCLK. 
The recovery time applies only between bus transactions 
involving the SCC to the falling edge of DS in the second 
transaction involving the SCC. This time must be at least 6 
PCLK cycles plus 200ns. 


Read Cycle Timing 


Figure 10 illustrates read cycle timing. The address on 
ADpo - AD7 and the state of CSp and INTACK are latched by 
the rising edge of AS. R/W must be HIGH to indicate a read 
cycle. CS; must also be HIGH for the read cycle to occur. The 
data bus drivers in the SCC are then enabled while DS is LOW. 
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Write Cycle Timing 


Figure 11 illustrates write cycle timing. The address on 
ADpo -- AD7 and the state of CSo and INTACK are latched by 
the rising edge of AS. R/W must be LOW to indicate a write 
cycle. CS; must be HIGH for the write cycle to occur. DS Low 
strobes the data into the SCC. 


Interrupt Acknowledge Cycle Timing 


Figure 12 illustrates interrupt acknowledge cycle timing. The 
address on ADp - AD7 and the state of CSp and INTACK are 
latched by the rising edge of AS. However, if INTACK is LOW, 
the address and CSo are ignored. The state of R/W and CS; 
are also ignored for the duration of the interrupt acknowledge 
cycle. Between the rising edge of AS and the falling edge of 
DS, the internal and external IEI/IEO daisy chains settle. If 
there is an interrupt pending in the SCC and IE! is HIGH when 
DS falls, the acknowledge cycle was intended for the SCC. In 
this case, the SCC may be programmed to respond to DS Low 
by placing its interrupt vector on ADg —- AD7. It then sets the 
appropriate interrupt-under-service latch internally. 
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Z8030/Z8530(H) 


INTACK / \ 


WFO005890 


Figure 10. Read Cycle Timing 


WFO005900 


Figure 11. Write Cycle Timing 
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WFO005910 


Figure 12. Interrupt Acknowledge Cycle Timing 


28530(H) Timing 


The SCC generates internal control signals from WR and RD 
that are related to PCLK. Since PCLK has no phase relation- 
ship with WR and RD, the circuitry generating these internal 
control signals must provide time for metastable conditions to 
disappear. This gives rise to a recovery time related to PCLK. 
The recovery time applies only between bus transactions 
involving the SCC. The recovery time required for proper 
operation is specified from the rising edge of WR or RD in the 
first transaction involving the SCC to the falling edge of WR or 
RD in the second transaction involving the SCC. This time 
must be at least 6 PCLK cycles plus 200ns. 


Read Cycle Timing 


Figure 13 illustrates Read cycle timing. Addresses on A/B and 
D/C and the status on INTACK must remain stable throughout 


the cycle. if CE falls after RD falls or if it rises before RD rises, 
the effective RD is shortened. 


Write Cycle Timing 


Figure 14 illustrates Write cycle timing. Addresses on A/B and 
D/C and the status on INTACK must remain stable throughout 
the cycle. If CE falls after WR falls or if it rises before WR rises, 
the effective WR is shortened 


Interrupt Acknowledge Cycle Timing 


Figure 15 illustrates Interrupt Acknowledge cycle timing. 
Between the time INTACK goes LOW and the falling edge of 
RD, the internal and external IEI/IEO daisy chains settle. If 
there is an interrupt pending in the SCC and |JEI is HIGH when 
RD falls, the Acknowledge cycle is intended for the SCC. In 
this case, the SCC may be programmed to respond to RD Low 
by placing its interrupt vector on Do — D7, and it then sets the 
appropriate Interrupt-Under-Service internally. 


DyD, DATA VALID 


WFO005920 


Figure 13. Read Cycle Timing 
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a 


WFO005930 


Figure 14. Write Cycle Timing 
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Figure 15. Interrupt Acknowledge Cycle Timing 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 


Storage Temperature -65 to +150°C Commercial (C) Devices 
Voltage at any Pin Temperature (Ta) 

Relative to Vss -0.5 to +7.0V Supply Voltage (Vcc) 
Power Dissipation ............c.ccccscecececescsceeececeseneeees 1.8W 


Stresses above those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range 


[Parameters | Description | Test Conditions | win [ Typ | Wax | Units 

[Vin | pw HIGH Votage | Commonil ——=S~C~sSC*dYSSSSC*diCoto | Cd 

vu | input tow Votago [SS CSCSCSCSC~CSCSCSsSY Sof iY Cd 
en [Output HIGH Voltage | ton==250A——S~SC~—~“*~*S*sdSCSCdPSSC*‘dSC“‘S;sWY? VO 
Vou 

lor < 

Icc 

Cin 


Operating ranges define those limits between which the 
functionality of the device is guaranteed. 


Output Leakage 0.4 V<VouT S2.4 V 
Voc, Supply Current eas 
Input Capacitance Unmeasured pins returned 


Cout Output Capacitance to ground. f = 1MHz at 


Bidirectional Capacitance Ta = 25°C. 


Standard Test Conditions 





The characteristics below apply for the following standard test conditions, unless otherwise noted. All voltages are refer- 
enced to GND. Positive current flows into the referenced pin. Standard conditions are as follows: 


+4.75V <Voc < +5.25V 
GND = ov 
0°C <Ta <70°C 


SWITCHING TEST CIRCUITS 


Standard Test Load Open Drain Test Load 


FROM OUTPUT 
UNDER TEST 


FROM OUTPUT 
UNDER TEST 


TC001821 TC001830 


SWITCHING TEST INPUT/OUTPUT WAVEFORM 


2.4 20 
2.0 Test ———— *: 


0.8 POINTS». 9.8 
0.45 


WF006352 
AC testing: Inputs are driven at 2.4 V for a logic ''1'"' and 0.45 V for a logic '"'0"'. 
Timing measurements are made at 2.0 V for a logic '1"' and 0.8 V for logic ''0". 





See Section 6 for Thermal Characteristics Information. 
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SWITCHING CHARACTERISTICS over operating range 
GENERAL TIMING 


Ld Description ae 


TdPC(REQ) | PCLK 1 to W/REQ Valid Delay | | 250 | 
| 2 «| TAPC(W) PCLK 4 to Walt Inactive Delay | | 850 | 


Twect 

TeRxG(PC) [FAT 1 to POLK 1 Sotup Tine Nats 1, 4) | Seeco PTE 

TWPCL 

| 4 | TsRXD(RXCr) | RxD to AxC 1 Set-up Time (XI Mode) (Note 1) 1-5-2 =| 


[5 | THAXDAXCH [RxD to FC 1 Hold Time (KI Mode) Note 1) | 160 |__| 
[6 | TeRXO(AXCH [RxD to FCs Setup Tine (Ki Mode) (Notes 1.) [0 |_| 
[7__[ ThAxD(AxCy[RxO to FE 1 Hold Time (Xl Mode) (Notes 4,6) | 160 |__| 
Pe _[Tesv(axc) [SYNC to Fao 1 Setup Time (Note) | -20 |__| 


| 8 | ThSY(RXC) | SYNC to RxC 1 Hold Time (Note 1) wee 


[10 _[TatxG(PO) [THE wo POLK T Setup Time Wotes 2) —_—| 
P14 TaTxCHCTxD) [THO 1 to THD Delay (Xl Mode) (Note 2 ——*d 
P12 [Tarxcrtx0) [THC 1 to THD Delay (xi Mods) (Notes 28) | 
[14 [wan ATSC High wiath (ote) —*d 
p45 Twatxt [TRC Low Wisin (Note) ———SSOSSCS~—S 
P16 [TenTX _[ATRC Oycla Time (Notes 67) ——SSSCSCSC~*d 
180 

[20 [Terax | Tit Oyela Time (Notes 6) ———~SCSCS~w Cato |i 
par [Twext [DOB or OTS Puse wisn ———SCS~S a | 
[aa [twsv [SYR Pulse wath _—__———————~dt 20 | 


RxC is RTxC or TRxC, whichever is supplying the receive clock. 
. TxC is TRxC or RTxC, whichever is supplying the transmit clock. 
. Both RTxC and SYNC have 1gpF capacitors to ground connected to them. 


1000 


Z8530H 
Only 


150 


-. aA 
3 5 
o 


. Parameter applies only if the data rate is one-fourth the PCLK rate. In all other cases, no phase relationship between RxC and PCLK or 


TxC and PCLK is required. 
. Parameter applies only to FM encoding/decoding. 


. Parameter applies only for transmitter and receiver; DPLL and baud rate generator timing requirements are identical to chip PCLK 


requirements. 
. The maximum receive or transmit data is 4 PCLK. 
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Figure 16. General Timing 
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Z8030/Z8530(H) 


SWITCHING CHARACTERISTICS over operating range 
SYSTEM TIMING (Z8030) 


TdRXC(REQ) RxC t to W/REQ Valid Delay (Note 2) 
TdRXC(W) RxC 1 Wait Inactive Delay (Notes 1, 2) 
TdRXC(SY) RxC 1 to SYNC Valid Delay (Note 2) 


TdRXC(INT) RxC t INT Valid Delay (Notes 1, 2) 
TdTXC(REQ) TxC 1 to W/REQ Valid Delay (Note 3) 
TdTXC(W) TxC | to Wait Inactive Delay (Notes 1, 3) 
TdTXC(DRQ) TxC | to DIR/REQ Valid Delay (Note 3) 


TdTXC(INT) TxC 1 to INT Valid Delay (Notes 1, 3) 


TdSY(INT) SYNC Transition to INT Valid Delay (Note 1) 


10 TdEXT(INT) DCD or CTS Transition to INT Valid Delay (Note 1) 


Notes: 1. Open-drain output, measured with open-drain test load. 
2. RxC is RTxC or TRxC, whichever is supplying the receive clock. 
3. TxC is TRxC or RTxC, whichever is supplying the transmit clock. 


SWITCHING CHARACTERISTICS over operating range 
SYSTEM TIMING (Z8530, Z8530H) 


4 


12 
7 
TdTXC(DRQ) TxC 1 to DTR/REQ Valid Delay (Note 3) 7 


TdTXC(INT) TxC | to INT Valid Delay (Notes 1, 3) 
TdSY(INT) SYNC Transition to INT Valid Delay (Note 1) 


10 TdEXT(INT) DCD or CTS Transition to INT Valid Delay (Note 1) 2 


Notes: 1. Open-drain output, measured with open-drain test load. 
2. RxC is RTxC or TRxC, whichever is supplying the receive clock. 
3. TxC is TRxC or RTxC, whichever is supplying the transmit clock. 
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RTxC, TRxC 
RECEIVE 
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Ww/REQ 
REQUEST 


RTxC, TRxC 
TRANSMIT 


W/REQ 
REQUEST 


W/REQ 
WAIT 


OTR/REQ 
REQUEST 


(c) ©) @! © @) Ol © 
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Figure 17. System Timing 
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Z8030/Z8530(H) 


SWITCHING CHARACTERISTICS over operating range 
READ AND WRITE TIMING (Z8030) 


fwas «dS Lowa SOSCSCSCSCSCS 
FINTACK to AS 1 Setup Time ———S~—S 


Cc AS - 
ThIA(AS) INTACK to AS t Hold Time 

TsRWR(DS) R/W (Read) to DS | Set-up Time 

ThRW(DS) R/W to DS 1 Hold Time 

TsRWW(DS) R/W (Write) to DS | Set-up Time 


TdAS(DS) AS + to DS | Delay 
TwDSI DS LOW Width 


Valid Access Recovery Time (Note 2) 


Notes: 1. Parameter does not apply to Interrupt Acknowledge transactions. 
2. Parameter applies only between transactions involving the Scc. 


Ts!A(AS) INTACK to AS t Set-up Time 
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INTACK 


ADg-AD, 
WRITE 


ADg-AD, 
READ 


W/REG 
REQUEST 


OTR/REQ 
REQUEST 


— 


INT 





Figure 18. Read and Write Timing (Z8030) 
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SWITCHING CHARACTERISTICS over operating range 
READ AND WRITE TIMING (Z8530, Z8530H) 


Description 


Address to WA 1 Hold Time 

Address to RD : Set-up Time 

10 
INTACK to RD | Set-up Time (Note 1) 

CE to RD 1 Hold Time (Note 1) 

[22 [Twa [AD Low Wisth (ote) ———SSSCS~CS~S~SCi 
[23 [TaROORA) [FID 1 to Read Data Actve Doay ——SCSC~dSCi 
[24 | TaRDr(OR) | Ot to Read Data Not Valid Oslay —~—S~=dtC id 
[25 TaRDHOR) [FOr to Read Data Vaid Delay ———SSSCS~sCSC*d 
[26 | TaRO(ORa) [FO 1 to Read Data Float Delay (Note) |_| 


Notes: 1. Parameter does not apply to Interrupt Acknowledge transactions. 


7 
11 
13 
14 
15 
17 


= 
to] 
o 


= 
°o 


2. Float delay is defined as the time required for a +0.5V change in the output with a maximum DC load and minimum AC load. 
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Figure 19. Read and Write Timing (28530, Z8530,H) En 
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Z8030/Z8530(H) 


SWITCHING CHARACTERISTICS over operating range 
INTERRUPT ACKNOWLEDGE TIMING, RESET TIMING, CYCLE TIMING (Z8030) 


ae a ee. 
cael ie eal 


| Max _| 
7] 

FTéA(OR) | Address Requred Vaid to Read Data vald Delay |_| 570 
[25 | Tadstwy [DS 1 to Walt Vaid Delay Note) ——SSCSCSCS~CSCS*~idSCi 
[26 | Tads(ReG) [BS 1 to W/REG Not Val Deley SCS 


| Max_| 
70 5] 
cael 200 | 
a a el a 
27 [Teosqrec) [DS 1 to DTRVREG Not vate doy || S00 | 
[2 [Teas] [AS to INT Vaid Detay Woe] SSS 
[20 | TaAs(0say | AS 1 to DS 1 (Acknowledge) Delay Wate) «dso 
[a0 [Twosk | DS (Acknowledge) Low wih SSCS Cd 
[at__ | TeDSA(0R) [DS 1 cknowiadge) to Reed Data Vaid Delay {| 280_| 
[a2 | Te(0SA) [TEI w BE 1 (Acknowledge) Setup Time ——S~CS~C Td 
[25 THEW(OSA) EI to DS 1 (Acknowiedge) Hold Time _————S—S~dT 0 | Cd 
[a4 [TaEWEO) [IE EO Dewy SCSCSC~—SCC*dS 
35 Taas€0) [AS 1 to 1€0 Delay Note) SSCS ~*~ 
[26 | Tadsaiinty [DS (Acknowledge) to INT inactive Delay (ote) [|__| s00_| 
rae 
eee 
aes 
10s [2000 
[2000 _| 


[600 — 
rane 
reas 
aes 
100 
250 
[500 
fs 

3 a 

ae a 
41 TwPCh PCLK High Width 

OC SS 

a 

ae 


7 
70 1000 


[20 | 
[20 | 


neil 
ears 
[7000] 


POLK Oyele Time [2000 
PCLK Rise Time 
TAPC PCLK Fall Time | 10 | 


Float delay is defined as the time required for a +0.5V change in the output with a maximum DC load and minimum AC load. 
. Open-drain output, measured with open-drain test load. 
. Parameter is system dependent. For any Z-SCC in the daisy chain, TdAS(DSA) must be greater than the sum of TdAS(IEO) for the 
highest priority device in the daisy chain, TsIEI(DSA) for the Z-SCC, and TdIEIf(IEO) for each device separating them in the daisy chain. 
. Parameter applies only to a Z-SCC pulling INT LOW at the beginning of the Interrupt Acknowledge transaction. 
. Internal circuitry allows for the reset provided by the Z8 to be recognized as a reset by the Z-SCC. 





5-72 


INTACK 


ADp-AD7 


is) 


{EO 


a 


ae eee 
th —t ; 
Het ee an 
(22) 


ali 


| 


WFO005980 


Figure 20. Interrupt Acknowledge Timing (Z8030) 
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Figure 21. Reset Timing (Z8030) 
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Figure 22. Cycle Timing (28030) 
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Z8030/Z8530(H) 


SWITCHING CHARACTERISTICS over operating range 
INTERRUPT ACKNOWLEDGE TIMING, RESET TIMING, CYCLE TIMING (Z8530, Z8530H) 


2m Description 


Address Required Valid to Read Data 28530 
at. ©) SADR) Valid Delay 75530H 


Ta i 
TeOW(WA) 


—_— i} — 

z 
NIN 
als] | (SE 


3 


_ 
“I 
o 


4TcPC 
4TcPC 


4TcPC 
4TcPC 
37 


a =_] 
° Nin 


4 
4 
a7 


48 TwRES WR and RD Coincident Low for Reset 


Tre Valid Access Recovery Time (Note 3) +200 


Z8530H 4TcPC 


Notes: 3. Parameter applies only between transactions involving the SCC. 
4. Open-drain output, measured with open-drain test foad. 
5. Parameter is system dependent. For any SCC in the daisy chain, TdlAI(RD) must be greater than the sum of TdPC(IEO) for the highest 
priority device in the daisy chain, TsIEI(RDA) for the SCC, and TdIEIf(IEO) for each device separating them in the daisy chain. 
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Figure 23. Interrupt Acknowledge Timing (28530) 
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Figure 24. Reset Timing (Z8530) 





(6) (Z8530H* Only) 


WF024261 


Figure 25. Cycle Timing (28530, Z8530H) 


*Timings are preliminary and subject to change. 
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Z8031/Z8531 


Asynchronous Serial Communications Controller (ASCC) 


DISTINCTIVE CHARACTERISTICS 


@ Two 0 to 2Mbps full duplex serial channels - 
Each channel has independent oscillator, band-rate 
generator, and PLL for clock recovery, dramatically 
reducing the need for external components. 
Programmable protocols — 

NRZ, NRZIi, and FM data encoding supported under 
program control. 


@ Programmable Asynchronous Modes - 
5 to 8 bit characters with programmable stop bits, clock 
break detect, and error conditions. 
Z8000* compatible —- 
The Z8031 interfaces directly to the Z8000 CPU bus and 
to the Z8000 interrupt structure. 
Compatible with non-multiplexed bus - 
The Z8531 interfaces easily to most other CPUs. 


GENERAL DESCRIPTION 


Asynchronous Serial Communications Controllers are dual- 
channel communications peripherals designed for use with 
8- and 16-bit microprocessors. They function as serial-to- 
parallel, and parallel-to-serial converter/controllers, and 
contain a variety of new, sophisticated internal functions, 
including on-chip baud rate generators, digital phase- 
locked loops and crystal! oscillators, to dramatically reduce 
the need for external circuitry. 


Both channels have facilities for modem control; in cases 
where these controls aren't needed, they can be used for 
general purpose |/O. 


The 28031 is directly compatible with the Z8000 and 8086 
CPUs, while the 28531 is designed for non-multiplexed 
buses, and is easily interfaced with most other CPUs such 
as 8080, Z80, 6800, 68000 and MULTIBUS.** 
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Figure 1. 


*Z8000 is a trademark of Zilog, Inc. 
**MULTIBUS is a trademark of Intel Corporation. 


Publication # Rev, Amendment 
03818 D /0 
Issue Date: April 1987 
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Z8031/Z8531 


ORDERING INFORMATION 


Commodity Products 


AMD commodity products are available in several packages and operating ranges. The order number (Valid Combination) is 
formed by a combination of: A. Device Number 

B. Speed Option 

C. Package Type 

D. Temperature Range 

E. Optional Processing 


—B_ 


. OPTIONAL PROCESSING 
Blank = Standard processing 
B = Burn-in 


. TEMPERATURE RANGE 
C =Commercial (0 to + 70°C) 


. PACKAGE TYPE 
P = 40-Pin Plastic DIP (PD 040) 
D = 40-Pin Ceramic DIP (CD 040) 


. SPEED OPTION 
Blank = 4 MHz 
A=6 MHz 


. DEVICE NUMBER/DESCRIPTION 
Z8031/Z8531 
Asynchronous Serial Communications Controller (ASCC) 


Valid Combinations 
Valid Combinations : 
Valid Combinations list configurations planned to be 


supported in volume for this device. Consult the local AMD 
eoGaIA PC, DC, DCB sales office to confirm availability of specific valid 
28531 combinations, to check on newly released valid combinations, 
Z28531A and to obtain additional data on AMD's standard military 
grade products. 


28031 
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PIN DESCRIPTION 
28031 


Pin No. | Name | 0 Description 


@ os) dS Per Spy 
z ee SS ga 


1-4, 37-40 ADo - AD7 Address/Data Bus (bidirectional, active High, three-state). These multiplexed lines carry register 
addresses to the ASCC as well as data or control information to and from the ASCC. 


a ee ae Address Strobe (active Low). Addresses on ADg - AD7 are latched by the rising edge of this signal. 


Chip Select 0 (active Low). This signal is latched concurrently with the addresses on ADg — AD7 and 
must be active for the intended bus transaction to occur. 


ft ee Select 1 (active High). This second select signal must also be active before the intended bus 
ft eae can occur. CS; must remain active throughout the transaction. 


Clear to Send (active Low). If these pins are programmed as Auto Enables, a Low on these inputs 
enables their respective transmitter. If not programmed as Auto Enables, they may be used as 
general-purpose inputs. Both inputs are Schmitt-trigger buffered to accommodate slow rise-time 
inputs. The ASCC detects pulses on these inputs and can interrupt the CPU on both logic level 
transitions. 

19, 21 DCDA, DCDB Data Carrier Detect (active Low). These pins function as receiver enables if they are programmed for 
Auto Enables; otherwise they may be used as general-purpose inputs pins. Both pins are Schmitt- 
trigger buffered to accommodate slow rise-time signals. The ASCC detects pulses on these pins and 
can interrupt the CPU on both logic level transitions. 


Data Strobe (active Low). This signal provides timing for the transfer of data into and out of the 
ASCC. If AS and DS coincide, this is interpreted as a reset. 
16, 24 DraR REQA, DTR/ Data Terminal Ready/Request (active Low).These outputs follow the state programmed into the 
REQB OTR bit. They can also be used as general-purpose outputs or as Request Lines for a DMA 
controller. 


Interrupt Enable In (active High). IEI is used with [EO to form an interrupt daisy chain when there is 
more than one interrupt-driven device. A High IE/ indicates that no other higher priority device has an 
interrupt under service or is requesting an interrupt. 


Interrupt Enable Out (active High). EO is High only if IEI is High and the CPU is not servicing an 
ASCC interrupt or the ASCC is not requesting an interrupt (interrupt acknowledge cycle only). [EO is 
connected to the next lower priority device's IEI input and thus inhibits interrupts from lower priority 
devices. 


INT Interrupt Request (open-drain, active Low). This signal is activated when the ASCC requests an 
interrupt. 

INTACK Interrupt Acknowledge (active Low). This signal indicates an active interrupt acknowledge cycle. 
During this cycle, the ASCC interrupt daisy chain settles. When DS becomes active, the ASCC 
places an interrupt vector on the data bus (if IEI is High). INTACK is latched by the rising edge of AS. 

PCLK Clock. This is the master ASCC clock used to synchronize internal signals. PCLK is not required to 
have any phase relationship with the master system clock, although the frequency of this clock must 
be at least 90% of the CPU clock frequency for a Z8000. PCLK is a TTL level signal. 

13, 27 RxDA, RxDB tir] Receive Data (active High). These input signals receive serial data at standard TTL levels. 
set, the RTS signal goes Low. When the R RTS bit is reset and Auto Enable is on, the signal goes High 
DCD. In this mode, transitions on these lines affect the state of the Ring Indicator status bits in Read 


12, 28 RTxCA, RTxCB Receive/Transmit Clocks (active Low). These pins can be programmed in several different modes of 
after the transmitter is empty. With Auto Enable off, the RTS pin strictly follows the state of the RTS 
Register 0 (Figure 6) but have no other function. 


LES8Z/LE08Z 






































operation. in each channel, RTxC may supply the receive clock, the transmit clock, the clock for the 
baud rate generator, or the clock of the digital phase-locked loop. These pins can also be 
programmed for use with the respective RI pins as a crystal oscillator. The receive clock may be 1, 
17, 23 RTSA, RTSB 
bit. Both pins can be used as general-purpose outputs. 
eas (ae es ae Read/Write. This signal specifies whether the operation to be performed is read or a write. 
4 RIA, Rip is Ring Indicator (active Low). These pins can act either as inputs or as part of the crystal oscillator 


16, 32, or 64 times the data rate in asynchronous modes. 
circuit. 


Request to Send (active Low). When the Request to Send (RTS) bit in Write Register 5 (Figure 7) is 
In normal operation (crystal oscillator option not selected), these pins are inputs similar to CTS and 





pee, =| TxDA, TxDB ee Transmit/Receive Clocks (active Low). These output signals transmit serial data at standard TTL 5 
levels. 


TRxCA, TRxCB Transmit/Receive Clocks (active Low). These pins can be programmed in several different modes of 
operation. TRxC may supply the receive clock or the transmit clock in the input mode or supply the 








output of the digital phase-locked loop, the crystal oscillator, the baud rate generator, or the transmit 
clock in the output mode. 


W/REQA, W/REQB Wait/Request (open-drain when programmed for a Wait function, driven High or Low when 
programmed for a Request function). These dual-purpose outputs may be programmed as Request 





lines for a DMA controller or as Wait lines to synchronize the CPU to the ASCC data rate. The reset 
state is Wait. 
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Z8031/Z8531 


PIN DESCRIPTION (Cont'd.) 
28531 


| Pino. | Name | vo _| Description 


ee a 
rar _feno—sd 


Fat a TR To Channel A/Channel 8 Select. This signal selects the channel in which the read or write operation 
occurs. 


Eee |: aa eee ee ee Chip Enable (active Low). This signals selects the ASCC for a read or write operation. 


CTSA, CTSB Clear to Send (active Low). If these pins are programmed as Auto Enables, a Low on the inputs 
enables the respective transmitters. If not programmed as Auto Enables, they may be used as 
general-purpose inputs. Both inputs are Schmitt-trigger buffered to accommodate slow rise-time 
inputs. The ASCC detects pulses on these inputs and can interrupt the CPU on both logic level 
transitions. 


D/C Data/Control Select. This signal defines the type of information transferred to or from the ASCC. A 
High means data is transferred; a Low indicates a command. 


19, 21 DCDA, DCDB Data Carrier Detect (active Low). These pins function as receiver enables if they are programmed for 
Auto Enables; otherwise they may be used as general-purpose inputs pins. Both pins are Schmitt- 
trigger buffered to accommodate slow rise-time signals. The ASCC detects pulses on these pins and 
can interrupt the CPU on both logic level transitions. 


| 1-4,37-40 |Do-D7 =| VO | Data Bus (bidirectional, three-state). These lines carry data and commands to and from the ASCC. 


oe EQA, DTR/ Data Terminal Ready/Request (active Low). These outputs follow the state programmed into the 
REQB DTR bit. They can also be used as general-purpose outputs or as Request Lines for a DMA 
controller. 


Interrupt Enable In (active High). IEI is used with IEO to form an interrupt daisy chain when there is 
more than one interrupt-driven device. A High IEI indicates that no other higher priority device has an 
interrupt under service or is requesting an interrupt. 


Interrupt Enable Out (active High). IEO is High only if IEI is High and the CPU is not servicing an 
ASCC interrupt or the ASCC is not requesting an interrupt (interrupt acknowledge cycle only). IEO is 
connected to the next lower priority device's IEI input and thus inhibits interrupts from lower priority 
devices. 


Interrupt Request (open-drain, active Low). This signa! is activated when the ASCC requests an 
interrupt. 


Interrupt Acknowledge (active Low). This signal indicates an active interrupt acknowledge cycle. 
During this cycle, the ASCC interrupt daisy chain settles. When RD becomes active, the ASCC 


ee an interrupt vector on the data bus (if IEl is High). INTACK is latched by the rising edge of 


Feel PCLK eee Clock. This is the master ASCC clock used to synchronize internal signals. PCLK is a TTL fevel 
signal. 


Read (active Low). This signal indicates a read operation and when the ASCC is selected, enables 
the ASCC's bus drivers. During the interrupt acknowledge cycle, this signal gates the interrupt vector 
onto the bus if the ASCC is the highest priority device requesting an interrupt. 


13, 27 RxDA, RxDB he Corde el Receive Data (active High). These input signals receive serial data at standard TTL levels. 


RTxCA, RTxCB Receive/Transmit Clocks (active Low). These pins can be programmed in several different modes of 
operation. In each channel RTxC may supply the receive clock, the transmit clock, the clock for the 
baud rate generator, or the clock of the digital phase-locked loop. These pins can also be 
programmed for use with the respective RI pins as a crystal oscillator. The receive clock may be 1, 
16, 32, or 64 times the data rate in asynchronous modes. 

17, 23 RISA, RTSB Request to Send (active Low). When the Request to Send (RTS) bit in Write Register 5 (Figure 7) is 
set, the RTS signal goes Low. When the ATS bit Is reset in the asynchronous mode and Auto Enable 
is on, the signal goes High after the transmitter is empty. With Auto Enable off, the R RTS pin strictly 
follows the state of the RTS bit. Both pins can be used as general-purpose outputs. 


| 15,25 | TxDA, TxDB mar Transmit Data (active High). These output signals transmit serial data at standard TTL levels. 


14, 26 TRxCA, TAxCB VO Transmit/Receive Clocks (active Low). These pins can be programmed i in several different modes of 
operation. TRxC may supply the receive clock or the transmit clock in the input mode or supply the 
output of the digital phase-locked loop, the crystal oscillator, the baud rate generator, or the transmit 
clock in the output mode. 


WR Write (active Low). When the ASCC is selected, this signal indicates a write operation. The 
coincidence of RD and WR is interpreted as a reset. 


10, 30 W/REQA, W/REQB Wait/Request (open-drain when programmed for a Wait function, driven High or Low when 
programmed for a Request function). These dual-purpose outputs may be programmed as Request 
lines for a DMA controller or as Wait lines to synchronize the CPU to the ASCC data rate. The reset 
state is Wait. 
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ARCHITECTURE 


The ASCC internal structure includes two full-duplex channels, 
two baud rate generators, internal control and interrupt logic, 
and a bus interface to the Z8000 CPU (Z8031) or to a non- 
multiplexed CPU bus (Z8531). Associated with each channel 
are a number of read and write registers for mode control and 
status information, as well as logic necessary to interface to 
modems or other external devices (Figure 1). 


The logic for both channels provides formats, synchronization, 
and validation for data transferred to and from the channel 
interface. The modem control inputs are monitored by the 
control logic under program control. All of the modem control 
signals are general-purpose in nature and can optionally be 
used for functions other than modern control. 


The register set for each channel includes ten control (write) 
registers, two synchronous character (write) registers, and four 
status (read) registers. In addition, each baud rate generator 
has two (read/write) registers for holding the time constant 
that determines the baud rate. Finally, associated with the 
interrupt logic is a write register for the interrupt vector 
accessible through either channel, a write-only Master Inter- 
rupt Control register and three read registers: one containing 
the vector with status information (Channel B only), one 
containing the vector without status (A only), and one contain- 
ing the Interrupt Pending bits (A only). 


The registers for each channel are designated as follows: 
WRO-WR15 — Write Registers 0 through 15. RRO-RR3, RR10, 
RR12, RR13, RR15 — Read Registers 0 through 3, 10, 12, 13, 
15. 


The following table lists the functions assigned to each read or 
write register. The ASCC contains only one WR2 and WR9, 
but they can be accessed by either channel. All other registers 
are paired (one for each channel). 


DATA PATH 


The transmit and receive data path illustrated in Figure 2 is 
identical for both channels. The receiver has three 8-bit buffer 
registers in a FIFO arrangement, in addition to the 8-bit receive 
shift register. This scheme creates additional time for the CPU 
to service an interrupt at the beginning of a block of high- 
speed data. Incoming data is routed through one of several 
paths (data or CRC) depending on the selected mode (the 
character length in asynchronous modes also determines the 
data path). 


The transmitter has an 8-bit transmit data buffer register 
loaded from the internal data bus and an 11-bit transmit shift 
register that can be loaded from the transmit data register. 
Depending on the operational mode, outgoing data is routed 
through one of four main paths before it is transmitted from the 
Transmit Data output (TxD). 


TABLE 1. READ AND WRITE REGISTER FUNCTIONS 


READ REGISTER FUNCTIONS 


Transmit/Receive buffer status and External status 
Special Receive Condition status 
Modified interrupt vector 
(Channel B only) 
Unmodified interrupt vector 
(Channel A only) 
Interrupt Pending bits 
(Channel A only) 
Receive buffer 
Miscellaneous status 
Lower byte of baud rate generator time constant 
Upper byte of baud rate generator time constant 
External/Status interrupt information 
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WRITE REGISTER FUNCTIONS 


CRC initialize, initialization commands for the various 
modes, shift right/shift left command 
Transmit/Receive interrupt and data transfer mode 
definition 

Interrupt vector (accessed through either channel) 
Receive parameters and control 

Transmit/Receive miscellaneous parameters and 
modes 

Transmit parameters and controls 

Sync characters or SDLC address field 

Syne character or SDLC flag 

Transmit buffer 

Master interrupt control and reset (accessed through 
either channel) 

Miscellaneous transmitter/receiver control bits 
Clock mode control 


Lower byte of baud rate generator time constant 
Upper byte of baud rate generator time constant 
Miscellaneous control bits 

External/Status interrupt control 
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Figure 2. Data Path 
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DETAILED DESCRIPTION 


The functional capabilities of the SCC can be described from 
two different points of view: as a data communications device, 
it transmits and receives data in a wide variety of data 
communications protocols; as a microprocessor peripheral, it 
interacts with the CPU and provides vectored interrupts and 
handshaking signals. 


DATA COMMUNICATIONS CAPABILITIES 


The ASCC provides two independent full-duplex channels 
programmable for use in any common asynchronous data- 
communication protocol. Figure 3 and the following descrip- 
tion briefly detail this protocol. 


Asynchronous Modes 


Transmission and reception can be accomplished indepen- 
dently on each channel with five to eight bits per character, 
plus optional even or odd parity. The transmitters can supply 
one, one-and-a-half or two stop bits per character and can 
provide a break output at any time. The receiver break- 
detection logic interrupts the CPU both at the start and at the 
end of areceived break. Reception is protected from spikes by 
a transient spike-rejection mechanism that checks the signal 
one-half a bit time after a Low level is detected on the receive 
data input (RxDA or RxDB in Figure 14). If the Low does not 
persist (as in the case of a transient), the character assembly 
process does not start. 


Framing errors and overrun errors are detected and buffered 
together with the partial character on which they occur. 
Vectored interrupts allow fast servicing or error conditions 
using dedicated routines. Furthermore, a built-in checking 
process avoids the interpretation of framing error as a new 
start bit: a framing error results in the addition of one-half a bit 
time to the point at which the search for the next start bit 
begins. 


The ASCC does not require symmetric transmit and receive 
clock signals — a feature allowing use of the wide variety of 
clock sources. The transmitter and receiver can handle data at 
a rate of 1, 1/16, 1/32, or 1/64 of the clock rate supplied to 
the receive and transmit clock inputs. 


BAUD RATE GENERATOR 


Each channel in the ASCC contains a programmable baud 
rate generator. Each generator consists of two 8-bit time 
constant registers that form a 16-bit time constant, a 16-bit 
down counter, and a flip-flop on the output producing a square 
wave. On startup, the flip-flop on the output is set in a High 
state, the value in the time constant register is loaded into the 
counter, and the counter starts counting down. The output of 
the baud rate generator toggles upon reaching zero, the value 
in the time constant register is loaded into the counter, and the 
process is repeated. The time constant may be changed at 
any time, but the new value does not take effect until the next 
load of the counter. 


MARKING LINE 


The output of the baud rate generator may be used as either 
the transmit clock, the receive clock, or both. It can also drive 
the digital phase-locked loop (see next section). 


If the receive clock or transmit clock is not programmed to 
come from the TRxC pin, the output of the baud rate generator 
may be echoed out via the TRxC pin. 








The following formula relates the time constant to the baud 
rate. (The baud rate is in bits/second and the BR clock period 
is in seconds.) 


1 
2 (time constant + 2)x(BR clockperiod) 


Time-Constant Values for Standard Baud Rates at BR 
Clock = 3.9936MHz 
Time Constant 
Rate (Baud) (decimal notation) 


baud rate = 


0.12% 


0.06% 


0.04% 
0.03% 


0.0007% 
0.0015% 





DIGITAL PHASE-LOCKED LOOP 


The ASCC contains a digital phase-locked loop (DPLL) to 
recover clock information from a data stream with NRZI or FM 
encoding. The DPLL is driven by a clock that is nominally 32 
(NRZI) or 16 (FM) times the data rate. The DPLL uses this 
clock, along with the data stream, to construct a clock for the 
data. This clock may then be used as the ASCC receive clock, 
the transmit clock, or both. 


For NRZI encoding, the DPLL counts the 32X clock to create 
nominal bit times. As the 32X clock is counted, the DPLL is 
searching the incoming data stream for edges (either 1/0 or 
0/1). Whenever an edge is detected, the DPLL makes a count 
adjustment (during the next counting cycle), producing a 
terminal count closer to the center of the bit cell. 


For FM encoding, the DPLL still counts from 0 to 31, but with a 
cycle corresponding to two bit times. When the DPLL is 
locked, the clock edges in the data stream should occur 
between counts 15 and 16 and between counts 31 and 0. The 
DPLL looks for edges only during a time centered on the 15/ 
16 counting transition. 


MARKING LINE 


ASYNCHRONOUS 


DF001030 


Figure 3. ASCC Protocols 
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Z8031/Z8531 


The 32X clock for the DPLL can be programmed to come from 
either the RTxC input or the output of the baud rate generator. 
The DPLL output may be programmed to be echoed out of the 
ASCC via the TRxC pin (if this pin is not being used as an 
input). 


DATA ENCODING 


The ASCC may be programmed to encode and decode the 
serial data in four different ways. In NRZ encoding, a 1 is 
represented by a High level and a 0 is represented by a Low 
level. In NRZI encoding, a 1 is represented by no change in 
level and a 0 is represented by a change in level. In FM; (more 
properly, bi-phase mark) a transition occurs at the beginning of 
every bit cell. A 1 is represented by an additional transition at 
the center of the bit cell and a 0 is represented by no 
additional transition at the center of the bit cell. In FMo (bi- 
phase space), a transition occurs at the beginning of every bit 
cell. A 0 is represented by an additional transition at the center 
of the bit cell, and a 1 is represented by no additional transition 
at the center of the bit cell. In addition to these four methods, 
the ASCC can be used to decode Manchester (bi-phase level) 
data by using the DPLL in the FM mode and programming the 
receiver for NRZ data. Manchester encoding always produces 
a transition at the center of the bit cell. If the transition is 0/1, 
the bit is a 0. If the transition is 1/0, the bit is a 1. 


AUTO ECHO AND LOCAL LOOPBACK 


The ASCC is capable of automatically echoing everything it 
receives. This feature is useful mainly in asynchronous modes, 
but works in synchronous and SDLC modes as well. In Auto 
Echo mode, TxD is RxD. Auto Echo mode can be used with 
NRZI or FM encoding with no additional delay, because the 
data stream is not decoded before retransmission. In Auto 
Echo mode, the CTS input is ignored as a transmitter enable 
(although transitions on this input can still cause interrupts if 
programmed to do so). In this mode, the transmitter is actually 
bypassed and the programmer is responsible for disabling 
transmitter interrupts and WAIT/REQUEST on transmit. 


The ASCC is also capable of local loopback. In this mode, TxD 
is RxD just as in Auto Echo mode. However, in Local 
Loopback mode, the internal transmit data is tied to the 
internal receive data and RxD is ignored (except to be echoed 


FM, 
(BIPHASE MARK) 


FMo 
(BIPHASE SPACE) 


MANCHESTER 


out via TxD). The CTS and DCD inputs are also ignored as 
transmit and receive enables. However, transitions on these 
inputs can still cause interrupts. Local Loopback works with 
NRZ, NRZI or FM coding of the data stream. 


1/0 INTERFACE CAPABILITIES 


The ASCC offers the choice of Polling, Interrupt (vectored or 
nonvectored), and Block Transfer modes to transfer data, 
status, and control information to and from the CPU. The 
Block Transfer mode can be implemented under CPU or DMA 
control. 


POLLING 


All interrupts are disabled. Three status registers in the ASCC 
are automatically updated whenever any function is per- 
formed. The idea behind polling is for the CPU to periodically 
read a status register until the register contents indicate the 
need for data to be transferred. Only one register needs to be 
read; depending on its contents, the CPU either writes data, 
reads data, or continues. Two bits in the register indicate the 
need for data transfer. An alternative is a poll of the Interrupt 
Pending register to determine the source of an interrupt. The 
status for both channels resides in one register. 


INTERRUPTS 


When an ASCC responds to an Interrupt Acknowledge signal 
(INTACK) from the CPU, an interrupt vector may be placed on 
the data bus. This vector is written in WR2 and may be read in 
RR2A or RR2B (Figures 6 and 7). 


To speed interrupt response time, the ASCC can modify three 
bits in this vector to indicate status. If the vector is read in 
Channel A, status is never included; if it is read in Channel B, 
status is always included. 


Each of the six sources of interrupts in the ASCC (Transmit, 
Receive and External/Status interrupts in both channels) has 
three bits associated with the interrupt source: Interrupt 
Pending (IP), Interrupt Under Service (IUS), and Interrupt 
Enable (IE). Operation of the IE bit is straightforward. If the IE 
bit is set for a given interrupt source, then that source can 
request interrupts. The exception is when the MIE (Master 
Interrupt Enable) bit in WR9 is reset and no interrupts may be 
requested. The IE bits are write-only. 


BIT CELL LEVEL: 


HIGH = 1 
Low =0 


NO CHANGE = 1 
CHANGE = 0 


BIT CENTER TRANSITION: 
TRANSITION = 1 
NO TRANSITION = 0 


| 


NO TRANSITION = 1 
TRANSITION = 0 


HIGH LOW = 1 
LOW — HIGH = 0 


WF003380 


Figure 4. Data Encoding Methods 











The other two bits are related to the Z-Bus interrupt priority 
chain (Figure 5). As a Z-Bus peripheral, the ASCC may request 
an interrupt only when no higher-priority device is requesting 
one, e.g., when IEl is High. If the device in question requests 
an interrupt, it pulls down INT. The CPU then responds with 
INTACK, and the interrupting device places the vector on the 
A/D bus. 


In the ASCC, the IP bit signals a need for interrupt servicing. 
When an IP bit is 1 and the IEI input is High, the INT output is 
pulled Low, requesting an interrupt. In the ASCC, if the IE bit is 
not set by enabling interrupts, then the IP for that source can 
never be set. The IP bits are readable in RRSA. 


The IUS bits signal that an interrupt request is being serviced. 
If an 1US is set, all interrupt sources of lower priority in the 
ASCC and external to the ASCC are prevented from request- 
ing interrupts. The internal interrupt sources are inhibited by 
the state of the internal daisy chain, while lower priority 
devices are inhibited by the IEO output of the ASCC being 
pulled Low and propagated to subsequent peripherals. An |US 
bit is set during an Interrupt Acknowledge cycle if there are no 
higher priority devices requesting interrupts. 


There are three types of interrupts: Transmit, Receive and 
External/Status interrupts. Each interrupt type is enabled 
under program control with Channel A having higher priority 
than Channel B, and with Receiver, Transmit and External/ 
Status interrupts prioritized in that order within each channel. 
When the Transmit interrupt is enabled, the CPU is interrupted 
when the transmit buffer becomes empty. (This implies that 
the transmitter must have had a data character written into it 
so that it can become empty.) When enabled, the receiver can 
interrupt the CPU in one of three ways: 

@ Interrupt on First Receive Character or Special Receive 
condition. 


PERIPHERAL 





1E1 ADg—ADy7 INT INTACK 1EO 


PROGRAMMING INFORMATION (28031) 


The 28031 contains 11 write registers in each channel that are 
programmed by the system separately to configure the func- 
tional personality of the channels. 


All of the registers in the 28031 are directly addressable. How 
the Z8031 decodes the address placed on the address/data 
bus at the beginning of a Read or Write cycle is controlled by a 
command issued in WROB. In the shift right mode, the channel 
select A7B is taken from ADg and the state of ADs is ignored. 
In the shift left mode, A7B is taken from ADs and the state of 
ADo is ignored. AD7 and ADg are always ignored as address 
bits and the register address itself occupies AD4-AD4. 











1E1 ADg~AD7 INT INTACK IEO 


Figure 5. Z-Bus Interrupt Schedule 





@ Interrupt on all Receive Characters or Special Receive 
condition. 
@ Interrupt on Special Receive condition only. 


Interrupt on First Character or Special Condition and Interrupt 
on Special Condition Only are typically used with the Block 
Transfer mode. A Special Receive Condition is one of the 
following: receiver overrun, framing error in asynchronous 
mode and, optionally, a parity error. The Special Receive 
Condition interrupt is different from an ordinary receive char- 
acter available interrupt only in the status placed in the vector 
during the Interrupt-Acknowledge cycle. In Interrupt on first 
Receive Character, an interrupt can occur from Special 
Receive conditions any time after the first receive character 
interrupt. 


The main function of the External/Status interrupt is to monitor 
the signal transitions of the CTS, DCD, and RI pins; however, 
an External/Status interrupt is also caused by a Transmit 
Underrun condition, or a zero count in the baud rate generator, 
or by the detection of a Break (asynchronous mode). 


CPU/DMA BLOCK TRANSFER 


The ASCC provides a Block Transfer mode to accommodate 
CPU block transfer functions and DMA controllers. The Block 
Transfer mode uses the WAIT/REQUEST output in conjunc- 
tion with the Wait/Request bits in WR1. The WAIT/REQUEST 
output can be defined under software control as a WAIT line in 
the CPU Block Transfer mode or as a REQUEST line in the 
DMA Block Transfer mode. 


To a DMA controller, the ASCC REQUEST output indicates 
that the ASCC is ready to transfer data to or from memory. To 
the CPU, the WAIT line indicates that the ASCC is not ready to 
transfer data, thereby requesting that the CPU extend the I/O 
cycle. The DTR/REQUEST line allows full-duplex operation 
under DMA control. 














PERIPHERAL PERIPHERAL 





IE) ADg—AO7 iNT INTACK 





AF002190 





The system program first issues a series of commands to 
initialize the basic mode of operation. For example, the 
character length, clock rate, number of stop bits, even or odd 
parity might be Set first. Then the interrupt mode would be set, 
and finally, receiver or transmitter enable. 






PROGRAMMING INFORMATION (28531) 


The 28531, register addressing is direct for the data registers 
only, which are selected by a High on the D/C pin. In all other 
cases (with the exception of WRO and RRO), programming the 
write registers requires two write operations and reading the 
read registers requires both a write and a read operation. The 
first write is to WRO and contains three bits that point to the 
selected register. The second write is the actual control word 
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Z8031/Z8531 


for the selected register, and if the second operation is read, 
the selected read register is accessed. All of the registers in 
the Z8531, including the data registers, may be accessed in 
this fashion. The pointer bits are automatically cleared after 
the read or write operation so that WRO (or RRO) is addressed 
again. 


The system program first issues a series of commands to 
initialize the basic mode of operation. For example, the 
character length, clock rate, number of stop bits, even or odd 
parity might be set first. Then the interrupt mode would be set, 
and finally, receiver or transmitter enable. 


Read Register 0 


Rx Character Available 
Zero Count 

Tx Buffer Empty 

ocp 

Ring Indicator 

CTS 

1 

Break 


DF001040 


Read Register 1 


jer |m [os fos J os foe | | 0 | 


All Sent 
1 
1 
0 
Parity Error 
Rx Overrun Error 
Framing Error 
oO 
DF001050 


Read Register 2 


interrupt Vector* 


DF001060 


*Modified in B Channel 


READ REGISTERS 


The ASCC contains 8 read registers (actually 9, counting the 
receive buffer (RR8) in each channel). Four of these may be 
read to obtain status information (RRO, RR1, RR10 and 
RR15). Two registers (RR12 and RR13) may be read to learn 
the baud rate generator time constant. RR2 contains either 
the unmodified interrupt vector (Channel A) or the vector 
modified by status information (Channel! B). RR3 contains the 
Interrupt Pending (IP) bits (Channel A). Figure 6 shows the 
formats for each read register. 


The status bits of RRO and RR1 are carefully grouped to 
simplify status monitoring; ¢.g., when the interrupt vector 
indicates a Special Receive Condition interrupt, all the appro- 
priate error bits can be read from a single register (RR1). 


Read Register 3 


jer [oe [os [os Jos fm | | 2] 


Channel B EXT/STAT IP* 
Channel B Tx IP* 
Channel B Rx IP* 
Channel A EXT/STAT IP* 
Channel A Tx IP* 
Channel A Rx IP* 

0 

0 


DF001070 


*Always O in B Channel 


Read Register 10 


pee fofe fe [eels ps 


Two Clocks Missing 
One Clock Missing 
DFO001080 


Read Register 12 


jr [ }os [o fos [ee Jo | 9 | 


Lower Byte of 
Time Constant 


DF001090 


Figure 6. Read Register Bit Functions 
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Read Register 13 Read Register 15 N 
ao 
o 
jor |e ] os |e ] mJ oe | | 9 [oJ Jos Joe | oe [os | | ~ 
N 
eo 
TCg 0 Pd 
TCg Zero Count iE =" 
TC 0 
TCy4 Upper Byte of OCD IE 
TCy2 {| Time Constant ALE 
TC43 CTSIE 
TC14 1 
TCis5 Break IE 
DF003380 DF001100 


Figure 6. Read Register Bit Functions (Cont.) 


WRITE REGISTERS ty" of the channels. In addition, there are two registers (WR2 
and WR9) shared by the two channels that may be accessed 
The ASCC contains 11 write registers (12 counting WR8, the through either of them. WR2 contains the interrupt vector for 
transmit buffer) in each channel. These write registers are both channels, while WR9 contains the interrupt control bits. 
programmed separately to configure the functional ''personali- Figure 7 shows the format of each write register. 


Write Register 0 (Z8031) Write Register 1 


Ext Int Enable 
Tx Int Enadie 
Parity is Special Condition 
[ 0 | 0 | Rx Int Disable 
| 1 | Rx int on First Character or Special Condition 
{1 | 0 | Inton All Rx Characters or Special Condition 
[ 1 | 1 | RxInton Special Condition Only 


Wait/DMA Request on Receive/Transmit 
Wait/OMA Request Function 
Wait/OMA Request Enable 


DF001130 


Write Register 2 


fafa s | Reset Highest US 


[fo fos fo fo foe fo | | 
*Channel B only 


DF001110 


Write Register 0 (28531) 


Interrupt Vector 


DF001140 


Write Register 3 


Rx Enable 





Auto Enables 


| 0 | o | Ax5 Bits/Character 
jo {1 | Rx 7 Bits/Character 


Rx 6 Bits/Character 


| + [0 | 
| 1 | 1 | Rx8Bits/Character 
DFO001 120 DF001150 


fa] ]t] Reset Highest IUS 


Figure 7. Write Register Bit Functions 





5-87 


Z8031/Z8531 





Write Register 4 


Parity Enable 
Parity Even/Odd 


| oo | Do Not Program 
fo] 1 | 1 Stop Bit/Character 

| 1 | 0 | 1% Stop Bits/Character 
EEE 2 Stop Bits/Character 
















{0 | 0 | x1 Clock Mode 
| o [| 1 | x16 Clock Mode 
| 1 | 0 | X32 Clock Mode 
| 1 | 4 | x64 Clock Mode 











DF001160 
Write Register 5 
t) 
RTS 
0 
Tx Enable 
Send Break 
[o]o] Tx 5 Bits (or less)/Character 
[ o | 1 | Tx7Bits/Character 
| 1 | 0 | Tx6Bits/Character 
(1 {1 | Tx 8 Bits/Character 
OTR 
DF001170 


Write Register 9 


MIE 
Status High/Status Low 
0 





DF001180 
t) 
o 
) 
0 
0 
| 1 | © | M1 (Transition = 1) 
| 1 | 1 | MO (Transition = 0) 
t) 
DF001190 










Write Register 11 


[ 0 ] © | Transmit Clock = ATxC Pin 
fo {4 | Transmit Clock = TRxC Pin 


| 1 | 0 | Transmit Clock = BR Generator Output 


to Transmit Clock = DPLL Output 
| 0 | 0 | Receive Clock = ATxC Pin 


| 0 | 1 | Receive Clock = TAXC Pin 
1 1 {o | Receive Clock = BR Generator Output 


[1 | 1 | Receive Clock = OPLL Output 
RTXxC XTAL/No XTAL 
DF001200 


Write Register 12 


TCo 
TC, 
Tg 





TCs Lower Byte of 
TCa { Time Constant 

TCs 

TC, 

TC, 

DF001210 
Write Register 13 
[or |e Jos [os | |] o | 

TCs 

TCg 

TCi0 

Tit Upper Byte of 
TC12 [ Time Constant 
TCr3 

Wr, 

TCs 

DF001220 
Write Register 14 

BR Generator Enable 
BR Generator Source 
DTR/Request Function 
Auto Echo 


Local Loopback 





[4 {1 [1 | Set nazi Mode 


DF001230 


Figure 7. Write Register Bit Functions (Cont.) 


Write Register 15 


o> [o Jos Jos fo | fm] 


0 

Zero Count IE 

0 

OCDIE 

RIE 

CTS IE 

1 

Break |E 
DF001240 


Figure 7. Write Register Bit Functions (Cont.) 


Z8031 TIMING 


The ASCC generates internal contro! signals from AS and DS 
that are related to PCLK. Since PCLK has no phase relation- 
ship with AS and DS, the circuitry generating these internal 
control signals must provide time for metastable conditions to 
disappear. This gives rise to a recovery time related to PCLK. 
The recovery time applies only between bus transactions 
involving the ASCC to the falling edge of DS in the second 
transaction involving the ASCC. This time must be at least 6 
PCLK cycles plus 200ns. 


READ CYCLE TIMING 


Figure 8 illustrates read cycle timing. The address on 
ADo-AD7 and the state of CSg and INTACK are latched by the 
rising edge of AS. R/W must be High to indicate a read cycle. 
CS; must also be High for the read cycle to occur. The data 
bus drivers in the ASCC are then enabled while DS is Low. 


WRITE CYCLE TIMING 


Figure 9 illustrates write cycle timing. The address on 
ADg-AD7 and the state of CSg and INTACK are latched by the 
rising edge of AS. R/W must be Low to indicate a write cycle. 
CS must be High for the write cycle to occur. DS Low strobes 
the data into the ASCC. 


INTERRUPT ACKNOWLEDGE CYCLE 
TIMING 


Figure 10 illustrates interrupt acknowledge cycle timing. The 
address on ADo-AD7 and the state of CSo and INTACK are 
latched by the rising edge of AS. However, if INTACK is Low, 
the address and CSp are ignored. The state of R/W and CS, 
are also ignored for the duration of the interrupt acknowledge 
cycle. Between the rising edge of AS and the falling edge of 
DS, the internal and external IEI/IEO daisy chains settle. If 
there is an interrupt pending in the ASCC and IEI is High when 
DS falls, the acknowledge cycle was intended for the ASCC. In 
this case, the ASCC may be programmed to respond to DS 
Low by placing its interrupt vector on ADo-AD7. It then sets 
the appropriate interrupt-under-service latch internally. 


WF003391 


Figure 8. Z8031 Read Cycle Timing 
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Z8031/Z8531 


R/W \ / 


Figure 9. Z8031 Write Cycle Timing 


“ 
INTACK \ / 


WF003400 


Figure 10. Z8031 Interrupt Acknowledge Cycle Timing 


Z8531 TIMING 


The ASCC generates internal control signals from WR and RD 
that are related to PCLK. Since PCLK has no phase relation- 
ship with WR and RD, the circuitry generating these internal 
contro! signals must provide time for metastable conditions to 
disappear. This gives rise to a recovery time related to PCLK. 
The recovery time applies only between bus transactions 
involving the ASCC. The recovery time required for proper 
operation is specified from the rising edge of WR or RD in the 
first transaction involving the ASCC to the falling edge of WR 
or RD in the second transaction involving the ASCC. This time 
must be at least 6 PCLK cycles plus 200ns. 
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READ CYCLE TIMING 


Figure 11 illustrates read cycle timing. Addresses on A/B and 
D/C and the status on INTACK must remain stable throughout 
the cycle. If CE falls after RD falls or if it rises before RD rises, 
the effective RD is shortened. 


WRITE CYCLE TIMING 


Figure 12 illustrates write cycle timing. Addresses on A/B and 
D/C and the status on INTACK must remain stable throughout 
the cycle. If CE falls after WR falls or if it rises before WR rises, 
the effective WR is shortened. 





INTERRUPT ACKNOWLEDGE CYCLE an interrupt pending in the ASCC and IEI is High when RD N 
TIMING falls, the acknowledge cycle is intended for the ASCC. In this = 

case, the ASCC may be programmed to respond to RD Low by ok 
Figure 13 illustrates interrupt acknowledge cycle timing. Be- placing its interrupt vector on Dg-D7; it then sets the appropri- N 
tween the time INTACK goes Low and the falling edge of RD, ate interrupt-under-service latch internally. = 
the internal and external IEI/IEO daisy chains settle. If there is rd 


eee Xs >= 


WF003420 


Figure 11. Z8531 Read Cycle Timing 


Og0, OATA VALID 


WF003430 


Figure 12. Z8531 Write Cycle Timing 
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Figure 13. Z8531 Interrupt Acknowledge Cycle Timing 
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ABSOLUTE MAXIMUM RATINGS 


Storage Temperature .............cscceserereeeee -65 to +150°C 
Voltage at any Pin Relative 

TOEV SS ieee ee agk bs cal oveeaheese cea gensees’s -0.5V to +7.0V 
Power Dissipation ...........cccccscecceseeteerereneeseneeseeans 1.8W 


Stresses above those listed under ABSOLUTE MAXIMUM 


OPERATING RANGES 


Commercial (C) Devices 
Temperature (TA) .....:cccesscsccecscensseseeetatensee 0 to 70°C 
Supply Voltage (VOC) ...csceeecessessscneeseersceess 5 V +5% 


Operating ranges define those limits between which the 
functionality of the device is guaranteed. 


RATINGS may cause permanent device failure. Functionality 
at or above these limits is not implied. Exposure to absolute 
maximum ratings for extended periods may affect device 
reliability. 


DC CHARACTERISTICS over operating range unless otherwise specified 


Description Test Conditions 


[Vin | input HIGH Voltage | 

PM | input Low Voltage | 
VoH 
Vou 
IL Vss <Vin + Voc 

OL 

| Voc Supply Curent TO 


Standard Test Conditions 


oO 


Unmeasured pins returned 


to ground. f= 1 MHz at 
Ta = 25°C. 





The characteristics below apply for the following standard test conditions, unless otherwise noted. All voltages are referenced to 
GND. Positive current flows into the referenced pin. Standard conditions are as follows: 


+5V 


FROM OUTPUT 
UNDER TEST 


FROM OUTPUT 
UNDER TEST 


“ | 


TC001570 


TC001560 


A. Standard Test Load B. Open-Drain Test Load 


SWITCHING TEST WAVEFORM 


2.0 ane 


i 2.0 


TEST POINTS 


0.8 aa eae 0.8 


WF007340 


AC testing inputs are driven at 2.4 V for a logic ''1'' and 0.45 V for a logic "0."' Timing measurements are 
made at 2.0 V for a logic ''1'' and 0.8 V for a logic ''0." 





See Section 6 for Thermal Characteristics Information. 
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SWITCHING CHARACTERISTICS over operating ranges unless otherwise specified 
28531 System Timing 


Description 


| 4s TARXC(REQ) RxC 1 to W/REQ Valid Delay (Note 2) 
a as TdRXC(W) RxC 1 to Wait Inactive Delay (Notes 1, 2) 
| 3] TARXC(INT) RxC 1 to INT Valid Delay (Notes 1, 2) 


N 
fee] 
oS 
G 
pert 
~ 
N 
ao 
a 
Go 
= 


x 
= F : 
Rx IN i ' 


Notes: 1. Open-drain output, measured with open-drain test load. 
2. RxC is RTC or TRxC, whichever is supplying the receive clock. 
3. TxC is TRxC or RTxC, whichever is supplying the transmit clock. 


28031 System Timing 


1 TdRXC(REQ) RxC + to W/REQ Valid Delay (Note 2) 
TdRXC(W) RxC t to Wait Inactive Delay (Notes 1, 2) 
R 


TdRXC(INT) RxC + INT Valid Delay (Notes 1, 2) 


W/RE i 
= : : 
x i , 
4 TdTXC(REQ) TxC 1 to W/REQ Valid Delay (Note 3) 
x j i ’ 
x R i 
x N i ' 


TdTXC(W) TxC 1 to Wait Inactive Delay (Notes 1, 3) 
TdTXC(DRQ) TxC 1 DTR/REQ Valid Delay (Note 3) 
| 
I 


7 TdTXC(INT) TxC | to INT Valid Delay (Notes 1, 3) 
TdEXT(INT) DCD, Ri or CTS Transition to INT Valid Delay 
(Note 1) 


Notes: 1. Gpen-dran output, measured with open-drain test load. 
2. RxC is RTxC or TRxC, whichever is supplying the receive clock. 
3. TxC is TRxC or RTxC, whichever is supplying the transmit clock. 
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W/REG 
REQUEST 


W/REQ 
REQUEST 


W/REQ 
WAIT 


OTR/REQ 
REQUEST 


Figure 14. System Timing 
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SWITCHING CHARACTERISTICS (Cont'd.) 
General Timing (See Figure 15) 


eel eee 


2 
4 


. RxC is RTxC or TRxC, whichever is supplying the receive clock. 

. TxC is TRxC or RTxC, whichever is supplying the transmit clock. 

. Both RTxC and Ri have 30pF capacitors to the ground connected to them. 

. Parameter applies only if the data rate is one-fourth the PCLK rate. In all other cases, no phase relationship between RxC and PCLK 
or TxC and PCLK is required. 

. Parameter applies only to FM encoding/decoding. 

. Parameter applies only to transmitter and receiver; DPLL and baud rate generator timing requirements are identical to chip PCLK 
requirements. 

. The maximum receive or transmit data is %4 PCLK. 


fo) 
: ‘ 
£4) 


2 
350 
TwPCL 


_ 
or 
Oo 


1 


0 
12 
13 

5 
7 


1 1000 
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ao 
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RTxC, TRxC 
RECEIVE 


TAxC, RTxC 
TRANSMIT 


TRxC 
OuTPUT 


Figure 15. General Timing 
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SWITCHING CHARACTERISTICS (Cont'd.) 
28031 Read and Write Timing (see Figure 16) 


Number Description 


70 
50 
55 
| ThIA(AS) | INTACK to AS 1 Hold Time 

| ToRWW(0S) 
13 


Valid Access Recovery Time (Note 2) 6TcPC 
+200 


5 

r 
[18 THow(0s) | Write Data to GS t Hold Time ————SC~Ci 
p19 [tensa [DS 1 to Oata Active Oelay —SSCSCSC~C—~iC 
[20 Tada) DSr to Read Data Not Vaid Deay __——SC*d + 
[a2 | TanS(OR) AS to Read Data Val Delay | | #20 


Notes: 1. Parameter does not apply to Interrupt Acknowledge transactions. 
2. Parameter applies only between transactions involving the SCC. 


— 
oO 


as 


o= b 


250 


6TcPC 
+130 


= 
tb 


wo 


np 


335 
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Bl 


sl 


3| 


INTACK 


ADg-AD7 
WRITE 


AQ9-AO7 
READ 


W/REQ 
WAIT 


Wrea 
REQUEST 
DTR/REQ 


REQUEST 


int 


Figure 16. Z8031 Read and Write Timing 
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SWITCHING CHARACTERISTICS (Cont'd.) 
28531 Read and Write Timing (see Figure 20) 


mr ee Description jin | Max | min_| Max | 


[1 [tweot =i PK Low wats SSCS tos | 2000701000 |e 
[2 | twecn | POLK High wisn ———~—SCSCS~SCSCSCS tos 2000 70 
[sfc __‘[Poik Fal Tme ——SCSCSC~—SCSC SSCS 

Pp _« [rec [ Poi Rise Time SSCS 
Ps ___[tero___[ PCLK Gels Time SSCS 
[6 __| Tsay [Address to WH 1 Soup Time ———SSCSCS~—SC—~s 
cei 
[8 [ready [Address to RD 1 Setup Time SCS td 
[2 [thay [Adress to D1 Hold Tme ——S—~C—SCS—S 
ai asl 
[11 | Taine) [INTACR to WA! Soup Time (Wot) = 
[19 Tala) [INTACR to FD 1 Setup Time Note) 

R 


100 


| 19 |: TsCEM(RD) CE Low to RD : Setup Time (Note 1) 
| 20‘: THCE(RD) CE to RD 1 Hold Time (Note 1) 


70 
70 


TsCEh(RD) CE High to RD : Setup Time (Note 1) 


240 


Notes: 1. Parameter does not apply to Interrupt Acknowledge transactions. 
2. Float delay is defined as the time required for a +0.5V change in the output with a maximum D.C. load and minimum A.C. load. 


70 
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REQUEST 


OTA/REG 
REQUEST 


Figure 20. Z8531 Read and Write Timing 
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SWITCHING CHARACTERISTICS (Cont'd.) 
28031 Interrupt Acknowledge Timing, Reset Timing, Cycle Timing (see Figures 17, 18, 19) 


Number Description 


23 | TaDS(ORs) | DS 7 to Read Data Fost Dey Nowe) ———S~C~iCSCSC~‘iC 
ero | 
240 


24 TdA(DR) Address Required Valid to Read Data Valid Delay 
25 TdDS(W) DS 1 to Wait Valid Delay (Note 4) = 
| _ 26 | TdDSfREQ) _| DS 1 to W/REQ Not Valid Delay ae 


TdDSr(REQ) DS 1 to DIR/REQ Not Valid Delay se 5TcPC 
+300 


[28 [Tans [AS 7 to INT Vaid Dey Wie) ———SSCSCSC~SCSCSYSCS*dS~C 
[20 | TaaS(OSA)__[ AS 1 to DS 1 (Acknowledge) Delay Wate) ——S~d=Ca | 
p80] Twos | DS (Acknowledge) Low with __——=SSSSSSCSCSC~*dtC 8d 
[31 | Tadsa(OA) | BS 1 (Acknowledge) to Read Data Vaid Doay ~~‘ —*+d|~— 80 
-2 | TsiENOSA) | EI to BS 1 (Acknowledge) Soup Time ———SCSCSC~dSCi i 
} 33. | THIEIIDSA) | IEI to DS + (Acknowledge) Hold Time Es eee 
[36 | TaIEWEO) [IE EO Dewy ——SSCSSCSC~C—CSC~‘ SC‘ 
[a5__[Taas(eo) [AS 1 to 1€0 Doley Wot) —SSSCSCSCSC~SC~SCS~SSSSC*d'C 
/ 36 TaDsainn) [OS 1 (Acknowledge) to INT Inactive Delay (Nate) {|__| 800 
[_a7__| Taps(asoy__ [0S 10 AS 1 Delay for No Rest ——SSSSCSC~d Sid 
P_38___[ Taasaqos)__ [AS 1 to BS 1 Delay for No Rest SSCS id 
[39] TwReS | AS and OS Coincident Low for Reset (Noto) «d's | 
[a0 [twect [Pet tow wih SSCSCSC~dC 
[_ai__[twech [POLK High Wiath SSS ~*d;C 052000 | 70 
[42] Tors POLK Gycle Time SSCS 

p43 [eo POLK Rise Time —SCSOCSC—CSCSCSCSS 

[aa [ tec ____[ POLK Fal ime _——SSSCSCSCSCSCSCSFS id 


Float delay is defined as the time required for a +0.5V change in the output with a maximum D.C. load and minimum A.C. load. 

. Open-drain output, measured with open-drain test load. 

5. Parameter is system dependent. For any Z-SCC in the daisy chain, TdAS(DSA) must be greater than the sum of TdAS(IEO) for the 
highest priority device in the daisy chain, TsIEI(DSA) for the Z-SCC, and TdIEIf(IEO) for each device separating them in the daisy 
chain. 

6. Parameter applies only to a 8031 pulling INT Low at the beginning of the Interrupt Acknowledge transaction. 

7. Internal circuitry allows for the reset provided by the Z8 to be recognized as a reset by the Z-SCC. 








All timing references assume 2.0 V for a logic "1" and 0.8 V for a logic “0”. 
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Z8031/Z8531 


WF003480 


Figure 17. Z8031 Interrupt Acknowledge Timing 


WF003490 


Figure 18. 28031 Reset Timing 


WF003500 


Figure 19. Z8031 Cycle Timing 
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SWITCHING CHARACTERISTICS (Cont'd.) 
Z8531 Interrupt Acknowledge Timing, Reset Timing, Cycle Timing (see Figures 21, 22, 23) 


Description 


27 TdA(DR) Address Required Valid to Read Data Valid Delay 
31 


a 


TwWRi WR Low Width 

TsDW(WR) Write Data to WR 1 Setup Time 10 
ThDW(WR) Write Data to WR 1 Hold Time 

TdaWR(W) WR 1 to Wait Valid Delay (Note 4) 
R 


oO 


Oo 


24 


th 


z 
°o 


37 
[38 TaIAiid) | INTACK to FD 1 (Acknowledge) Delay (Noe) ———*d 
| 39 =| TwROA _| RD (Acknowledge) Width 
[41] TsIEIRDA) | I to D1 (Acknowledge) Setup Time _——SSSSCSC~* 
[42 THIENADA) | EI to D1 (Acknowledge) Hod Tmo ——SSSCSCS~™ 

TAPG(EO) 

z: 

a7 
49 


Valid Access Recovery Time (Note 3) 6TcPC 
+200 


Notes: 3. Parameter applies only between transactions involving the SCC. 
4, Open-drain output, measured with open-drain test load. 
5. Parameter is system dependent. For any SCC in the daisy chain, TdlAi(RD) must be greater than the sum of TdPC(iEO) for the 
highest priority device in the daisy chain, TsIEI(RDA) for the SCC, and TdIlEIf(IEO) for each device separating them in the daisy 
chain. 
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Figure 21. Z8531 Interrupt Acknowledge Timing 


Figure 22. Z8531 Reset Timing 


Figure 23. Z8531 Cycle Timing 
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PACKAGE MATERIAL CONFIGURATION 






MULTILAYER CERAMIC | CERAMIC | PLASTIC - 


LEADLESS LEADED 
BRAZED CHIP PIN GRID CHIP 
PACKAGES CARRIER ARRAY CARRIER 
i; PACKAGE BODY 90% Alumina 90% Alumina 90% Alumina 90% Alumina Novolac Novolac Alloy 42 
MATERIAL (min.) (min.) (min.) (min.) Epoxy Epoxy y 
DIE ATTACH PAD Silver : 
Merauwanon | Ged | Gad | Gott | ot Lectin] Sver_— | Gold |sivor| Gold 
etal Gold/Silicon Gold/Silicon | Gold/Silicon | Gold/Silicon | Silver Epoxy Pal cree Gold/Silicon 
180°C 180°C 
DIE ATTACH 440°C 390°C 
440°C max 440°C max 440°C max 440°C max (max. (max. 
TEMES Oe soe Cand sad Nein temp.) max: | temp.) as 
BOND FINGER 
Sams, [ew |e | oe _| om | oe [ow ow 
Aluminum/ Aluminum/ ee Aluminum/ Aluminum/ 
BONDING WIRE 1% Silicon 1% Silicon | 1% Silicon | 1% Silicon pare |e 1% Silicon 
BONDING METHOD Thormal Son [Thermal Serie] Ultrasonic 
SEAL RING 
ettines [ow |e [oe [nm [wm | mm [ow on 
Gold/Tin Gold/Tin Gold/Tin Vitreous 
seat maven =| Gotacte | eect | facet | Gam | A [wa [wa | NA 
Ca 42 er 42 Nickel/Nickel 
LID MATERIAL (Gold (Tin ae (asia Catoa) as ane N/A N/A |Clad Stainless 
Plated) Plated) ‘ Steel 
| SEAL TEMPERATURE | TEMPERATURE 370°C max. | 370°C max. | max. } 970% max. | } 970% max. | 460°C max, | 185°C max. | 185°C max. | Resistance 


a Temp.) | (Mold Temp.) Weld 


ae AMBIENT TNA 
LEAD MATERIAL Alloy 42 mae Alloy 42 i 42 Alloy 42 


fssormen [ow | [ea [om [tm [ese | ss [oe fm 
EP 
BM [oot] we | mm [wm [we [we [wm 
es 


Note: N/A = Not Applicable 
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ABSTRACT 


Determination of the Thermal Resistance of Packaged De- 
vices is of concern to the designer of new devices and to AMD 
customers. The Advanced Package and Material Develop- 
ment group has undertaken the task of characterizing current 
AMD products and quantifying package-related influences on 
Thermal Resistance. This report describes some of these 
effects and the technique used to measure Thermal Resis- 
tance. 


1.0 DEFINITION OF THERMAL 
RESISTANCE 


The reliability of an integrated circuit is largely dependent on 
the maximum temperature which the device will attain during 
operation. Because the stability of a semiconductor junction 
declines with increasing temperature, knowledge of the ther- 
mal properties of the packaged device becomes an important 
factor during device design. In order to increase the operating 
lifetime of a given device, the junction temperatures must be 
minimized. This demands knowledge of the thermal resistance 
of the completed assembly and specification of the conditions 
in which the device will function properly. As devices become 
both smaller and more complex and the requirement for high 
speed operation becomes more important, heat dissipation 
will become an ever more critical parameter. 


Thermal resistance is defined as the temperature rise per unit 
power dissipation above some referenced condition. The unit 
of measure is typically °C/watt. The relationship between 
junction temperature and thermal resistance is given by: 


Ty = Tx + Po yx (1) 


where: T, = junction temperature 
Ty =reference temperature 
Pp = power dissipation 
0), = thermal resistance 
X =some defined test condition 


In general, one of three conditions is defined for measurement 
of thermal resistance: 


- thermal resistance measured 
with reference to the tempera- 
ture at some specified point on 
the package surface. 


8c 


oa 
(still air) 


- thermal resistance measured 
with respect to the temperature 
of a specified volume of still air. 


-thermal resistance measured 
with respect to the temperature 
of air moving at a specified ve- 
locity. 


Bsa 
(moving air) 


The relationship between 6), and 64, is 
Bsn = Osc + Den 


where 4, is a measure of the heat dissipation due to natural 
convection (still air) or forced convection (moving air) and the 
effect of heat radiation and mounting techniques. Qj, is 
dependent solely on material properties and package geome- 
try; 6), includes the influence of the surface area of the 
package and environmental conditions. Each of these defini- 
tions of thermal resistance is an attempt to simulate some 
manner in which the package device may be used. 


The thermal resistance of a packaged device, however 
measured, is a summation of the thermal resistances of the 
individual components of the assembly. These in turn are 
functions of the thermal conductivity of the component mate- 
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rials and the geometry of the heat flow paths. Like other 
material properties, thermal conductivity is usually tempera- 
ture dependent. For alumina and silicon, two common pack- 
age materials, this dependence can amount to a 30% 
variation in thermal conductivity over the operating tempera- 
ture range of the device. The thermal resistance of a compo- 
nent is given by 
L 
6 = ——— (2) 
K(T)A 
where:L =length of the heat flow path 
A =cross sectional area of the heat flow path 
K(T) = thermal conductivity as a function of tem- 
perature 


and the overall thermal resistance of the assembly (discount- 
ing convective effects) will be: 

Ln 

0=%6,=2 

KAn 

but since the heat flow path through a component is influ- 

enced by the materials surrounding it, determination of L and 
A is not always straightforward. 


A second factor that affects the thermal resistance of a 
packaged device is the power dissipation level and, more 
particularly, the relationship between power level and die 
geometry, i.e., power distribution and power density. By 
rearrangement of equation 1 to 


1 1 
Pang Ts Td) = S9 (Ts- Td) (3) 


the relationship between P, and T; can be more clearly seen. 
Thus, to dissipate a greater quantity of heat for a given 
geometry, T, must increase and, since the individual 6, will 
also increase with temperature, the increase in T, will not be a 
linear function of increasing power levels. 


A third factor of concern is the quality of the material 
interfaces. In terms of package construction, this relates 
specifically to the die attach bond, and for those packages 
having a heatsink, the heatsink attach bond. The quality of the 
die attach bond will most severely influence the package 
thermal resistance as this is the area which first impedes the 
transfer of heat out of the silicon die. Indeed, it seems likely 
that the initial thermal response of a powered device can be 
directly related to the quality of the die attach bond. 


2.0 EXPERIMENTAL METHOD 


The technique for measurement of thermal resistance involves 
the identification of a temperature-sensitive parameter on the 
device and monitoring this parameter while the device is 
powered. For bipolar integrated circuits the forward voltage of 
the substrate isolation diode provides a convenient parameter 
to measure and has the advantage of a linear dependence on 
temperature. MOS devices which do not have an accessible 
substrate diode present greater measurement difficulties and 
may require simulation through use of a specially designed 
thermal test die. Choice of the parameter to be measured 
must be made with some care to ensure that the results of the 
measurement are truly representative of the thermal state of 
the device being investigated. Thus measurement of the 
substrate isolation diode which is generally diffused across the 
area of the die yields a weighted average of the condition of 
the individual junctions across the die surface. Measurement 
of a more local source would yield a less generalized result. 


For MOS devices, simulation is accomlished using the thermal 
test die. The basis for this test die is a 25 mil square cell 
containing an isolated diode and a 1 KQ2 resistor. The resistors 
are interconnected from cell to cell on the wafer before it is cut 
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into mulitple arrays of the basic unit cell. In use the device is 


powered via the resistors with voltage or current adjusted for 
the proper level and the voltage drop of the individual diodes is 
monitored as in the case of actual devices. 


Prior to the thermal resistance test, the diode voltage/ 
temperature calibration must be determined. This is done by 
measuring the forward voltage at 1 mA current level at two 
different temperatures. The diode calibration factor is then: 


(4) 


in units of °C/mV. For most diodes used for this test the 
voltage/temperature relationship is linear and these two 
measurement points are sufficient to determine the calibration. 


The actual thermal resistance measurement has two alternat- 
ing phases: measurement and power on. The device under 
test is pulse powered with an ON duty cycle of 99% anda 
repetition rate of < 100 Hz. During the brief OFF states the 
device is reverse-biased with a 1 mA current and the voltage 
drop is measured. The series of voltage readings are averaged 
over short periods and compared to the voltage reading 
obtained before the device was first powered ON. The thermal 
resistance is then computed as: 


ae Kr(Ve-V)  KAV 
Vuly Pp 


where: Ke = calibration factor 
V, =initial forward voltage value 
Ve = current forward voltage value 
Vu = heating voltage 
ly, = heating current 


The pulsing measurement is continued until the device has 
reached thermal equilibrium and the final value measured is 
the equilibrium thermal resistance of the device under test. 


When the end result desired is 6, (still air), the device and the 
test fixture (typically a standard burn-in socket) are enclosed in 
a box containing approximately 1 cubic foot of air. For Oj. 
measurements the device is attached to a large metal 
heatsink. This ensures that the reference point on the device 
surface is maintained at a constant temperature. The require- 
ments for measurement of 6), (moving air) are rather more 
comple x and involve the use of a small wind tunnel with 
capability for monitoring air pressure, temperature and velocity 
in the area immediately surrounding the device tested. Stan- 
dardization of this last test requires much careful attention. 


WAVEFORMS FOR PULSED THERMAL RESISTANCE TEST 


Vy 


VOLTAGE 


CURRENT 
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3.0 EXPERIMENTAL RESULTS 


The thermal resistance data included in the attached table was extrapolated from data collected using the procedure outlined in the 
preceding section. This data has resulted from an ongoing program undertaken by members of the Material Technology 
Development group. 


Updated data will replace the data in this table as each device is measured or revised data becomes available. 


TABLE 1. THERMAL RESISTANCE OF AMD PRODUCTS 


= 
m 
?) 
< 
2 
2) 
> 
re 
oS) 
m 
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oO 
= 
=| 


Gates Area Power) Oy, Ajo 
Device Package Process (Equiv.) (KSq Mils) (mW) (C/W) (C/W) 


SD 040 
PD 040 


SD 048 
PD 048 
CL 052 


SD 040 
CD 040 
PD 040 
CL 052 


CA2068 
CGX068 
PL 068 


CA2068 
CGX068 
PL 068 


80286 CA2068 
CGX068 


80L286 PL 068 


28030/31 CD 040 
PD 040 


8031AH CD 040 
PD 040 
PL 044 


CD 040 


PD 040 
PL 044 


8051AH CD 040 
PD 040 
PL 044 


80C51 CD 040 
PD 040 


80515 PL 068 
80C521 CD 040 


8053AH CD 040 
PD 040 
PL 044 


PL 068 
CD 040 


CD 040 
PD 040 
PL 044 


8080A CD 040 
PD 040 


8085AH CD 040 
PD 040 
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TABLE 1. THERMAL RESISTANCE OF AMD PRODUCTS (Cont'd.) 


Gates” Area Power” 6,,°) Bp ®) 
Device Package Process (Equlv.) (KSq Mils) (mW) (C/W) (C/W) 


CD 040 
PD 040 
PL 044 


CD 040 
PD 040 
PL 044 


8155 CD 040 
PD 040 


8156 CD 040 
PD 040 


8155H CD 040 
PD 040 


8156H CD 040 
PD 040 


82284 CD 018 
PD 018 


820288 CD 020 
PD 020 


8231A CD 024 
8232 CD 024 


8237A CD 040 
PD 040 


8251 CD 028 
PD 028 


8251A CD 028 
PD 028 
PL 028 


CD 024 
PD 024 
PL 028 


CD 024 
PD 024 


CD 040 
PD 040 
PL.044 


CD 028 
PD 028 
PL 028 


8284A CD 018 
PD 018 


8288 CD 020 
PD 020 


Z8530/31 CD 040 
PD 040 
PL 044 


CDV040 
CLV044 


CDV040 
CLV044 


CD 040 
PD 040 


CD024 
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TABLE 1. THERMAL RESISTANCE OF AMD PRODUCTS (Cont'd.) 


Gates Area Power?) 654) Aye) 
Device Package Process (Equiv.) (KSq Mils) (mW) (C/W) (C/W) 


CD 040 
PD 040 
CL 044 
PL 044 


SD 048 
PD 048 


CD 040 
PD 040 
PL 044 


CD 040 
PD 040 
PL 044 


9519A CD 028 
PD 028 


9520/21 CD 040 
PD 040 


9551 CD 028 
PD 028 


9568 CD 040 
PD 040 


9580A CA2068 


9582 CD 028 
PD 028 


95C85 PL 044 


LYOd3Y TIWOINHOSL 


The gate counts are only an approximation (total devices / 3). 
. Power is the highest Icc over the temperature times the nominal power supply voltage. 


. 6;, and @;, values were estimated by extrapolating measured data. Values are to be considered as "typical" for 
the device. 

. There is no accepted industry definition for @)¢ for molded plastic packages at this time. 

. CMOS data is not available. 
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Package Outlines 


*For reference only. 


PACKAGE OUTLINES* 


Plastic Dual-In-Line Packages (PD) 


PD 018 





6-8 


Plastic Dual-In-Line Packages (PD) (Cont'd.) 


PD 024 


sauljjno abeyoeg 





-160 PID # 06847B 





+125 
-160 PID # 06842B 
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Package Outlines 





25 


Plastic Dual-In-Line Packages (PD) (Cont'd.) 


PD 040 





PID # 06823B 
Ceramic Hermetic Dual-In-Line Packages (CD) 
CD 018 
098 MAX. 
are ae 005 MIN. 
290 
320 ictal 
150 
ge 
.008 
.012 
Sed as ou ac 4 
“ae PID # 07803B 
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Ceramic Hermetic Dual-In-Line Packages (CD) (Cont'd.) 


CD 020 


080 MAX. 


sauljjino abeyoed 





CD 024 





—| rm zl rc |— .005 MIN. 500 


.045 
—— 015 
: 10 015 
= L 060 
140 0 
.225 15 
7150 .008 
125 MIN. 012 
-160 t 
014 
022 


PID # 07156A 
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Package Outlines 


Ceramic Hermetic Dual-In-Line Packages (CD) (Cont'd.) 


CD 028 


1.435 
1.490 | 
| .098 MAX, 
SS 


110 


PID # 06837A 


PID # 06824A 
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Ceramic Hermetic Dual-In-Line Packages (CD) (Cont'd.) 


CDV040 





125 


0 2am 2 
mI ee +e 


&y 






td 
1s 


-L “Ke 


022 PID 4f 07880A 


Sidebrazed Hermetic Dual-In-Line Packages (SD) 


SD 048 


PID 4 075468 
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Package Outlines 


Plastic Leaded Chip Carriers (PL) 


PL 020 







395.356 





—| 020 MIN. 
.090 


.120 165 
180 


PID # 06970C 


PL 028 


045 TYP. 


= Nae REF. 





045 
TYP. 


026 
032 





al .020 MIN. 


168 
.180 


PID # 06751D 
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Plastic Leaded Chip Carriers (PL) (Cont'd.) 


PL 044 


44 Places 
(11 by 11) 


.045 TYP. 


7 iu .050 REF, 


sauljyjno abexoed 






045 TYP. 





= 


045 


-- 


013 
TYP, “ 
685 650 
685 .650 590 
695 .656 300 
020 MAX 
aa 020 MIN. 
020 MAX. .090 
120 165 
780 
PID # 06752B 
PL 068 
REFERENCE 025 
CORNER 045 


042 
056 


7 .050 REF. 





ors 
021 


890 


995 890 
930 


980 
165 -130 
:200 


PID 4 06753G 
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Package Outlines 


Ceramic Leadless Chip Carriers (CL) 


CL 044 
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Package Outlines 


Ceramic Leadless Chip Carriers (CL) (Cont'd.) 
CL 052 
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68-Pin Square Leadless Chip Carrier (CA) 














Package Outlines 


Ceramic Pin Grid Array Package (CG) 


CGX068 
BOTTOM VIEW 025 
D55 
1.140 
1.180 
075 x 45° REF. 1.000 BSC 


(REFERENCE CORNER) 





AB cO E FGHJ KL 


©000O0000 
©0OOOO000 
© © 











"(3 PLACES) 080 
405 
195 


PID # 07547B 
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Stuttgart is.)5 sea seat 2s i ewe TEL . (0711) 62 33 77 FAX «cs eeehs 886-2-7122017 
FAX .. (0711) 625187 UNITED KINGDOM, 
TLX hie csas 721882 Manchester area......... TEL. wicexn nae (0925) 828008 
HONG KONG, FAX. oes cates (0925) eo 
KOWIOON is: cocoa he de chee nas TEL eas = 695377 TEX east edanneaees 628524 
FAX ....... 1234276 London area ............ TREE sce cc ny eee (04862) 22121 
TLX 504260AMDAPHX FAX ......... (04862) 22179 
TEX. Sec Wak ve ots 859103 
ITALY, Milano ............0 20. e eee TEL ... (02) 3390541 TEX re eedare. 886-2-7122066 
FAX ... (02) 3498000 FAX. ccnecneas 886-2-7122017 
TEX Saint eates 315286 
NORTH AMERICAN REPRESENTATIVES 
CALIFORNIA MICHIGAN 
TENG Fauclcrapsecttnbecard cece ae teased OEM (408) 988-3400 SAI MARKETING CORP ............... (313) 750-1922 
DISTI (408) 498-6868 MISSOURI 
CANADA LORENZ SALES ........... 0c cece ee (314) 997-4558 
Calgary, Alberta NEBRASKA 
VITEL ELECTRONICS ................ (403) 278-5833 Save ABneS satacecs ites ts ae Tae caste at's (402) 475-4660 
Kanata, Ontario NEW MEX 
VITEL ELECTRONICS ................ (613) 592-0090 THORSON DESERT STATES .......... (505) 293-8555 
Mississauga, Ontario NEW YORK 
an ve ELECTRONICS ................. (416) 676-9720 6 Neoot ING cv ctisas.dolee beams eaealens (315) 437-8343 
ViTEL ELECTRONICS ................ (514) 636-5951 Co ie 
IDAHO DOLFUSS ROOT & CO ........... eae. (614) 885-4844 
INTERMOUNTAIN TECH MKGT ........ (208) 888-6071 Dayton 
INDIANA DOLFUSS ROOT & CO ...........006. (513) 433-6776 
SAI MARKETING CORP ............... (317) 253-1668 Strongsville 
IOWA DOLFUSS ROOT & CO ............... (216) 238-0300 
LORENZ SALES ...............000 eee (319) 377-4666 PENNSYLVANIA 
KANSAS DOLFUSS ROOT & CO ............... (412) 221-4420 
LORENZ SALES ...............e ee eee (913) 384-6556 UTAH 
R? MARKETING ...........0.0ce cece ee (801) 595-0631 
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